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ADDENDA    ET    CORRIGENDA. 


Page  36,  line  39,  for  "  Maurice  Mancel  Allorge "  read  "  Maurice  Marcel 

AUorge." 
„     178,  The  date  of  the  Excursion  to  Rochester,  etc.,  ^"as  July  6th,  and 

not  July  9th  as  stated. 
„     358,  Footnote*    For  "  See  foot  p.  376  "  read  "  See  post,  p.  376," 
„     362,  Footnote.^    For  *»  See  foot  p.  387  "  read  "  See  post,  p.  387." 
„    369,  lines  3  and  ^,/or  **  Since  Forbes's  day  no  President  has  been  elected 

under  50  "  read ''  Since  Forbes's  day  no  President  has  been  elected 

under  40,  and  during  the  last  twenty  years  none  under  50." 
„    463,  lines  27  and  iS.for  *'  chrysolite  "  read  "  chrysotile." 
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PROCEEDINGS 

or  THE 

GEOLOGISTS'    ASSOCIATION. 


THE     RULES    OP    THE    ASSOCIATION. 

As  revised  at  a  Special  General  Meeting  held  on  July  7th,  1893. 

I. 
The  Society  shall  be  called  The  Geologists'  Association. 

II. 

The  object  of  the  Association  shall  be  to  facilitate  the  study 
of  Geology  and  its  allied  sciences  by  the  holding  of  Meetings  for 
the  reading  of  Papers  and  the  delivery  of  Lectures,  by  Excursions, 
by  the  formation  of  a  Library,  by  the  publishing  of  Proceedings, 
and  by  such  other  means  in  furtherance  of  the  above  object  as 
the  Council  may  determine. 

in. 

The  Association  shall  consist  of  Ordinary  and  Honorary  Mem- 
bers, both  Ladies  and  Gentlemen  being  eligible  for  election. 

IV. 

Members  shall  have  the  privilege  of  introducing  two  Visitors 
at  the  Ordinary  Meetings  and  Excursions  of  the  Association, 
except  when  otherwise  ordered  by  the  Council,  and  they  shall 
be  entitled  to  the  use  of  the  Library  in  accordance  with  the 
Library  Regulations,  and  to  receive  a  copy  of  the  Circulars  and 
Proceedings  of  the  Association  issued  during  their  membership. 

V. 

Every  Candidate  for  admission  as  an  Ordinary  Member  shall 
be  proposed  by  two  or  more  Members,  who  shall  sign  a  certificate 
in  recommendation  of  such  Candidate,  setting  forth  his  or  her 
name  and  place  of  residence ;  the  Proposer  whose  name  stands 
first  upon  the  certificate  shall  have  personal  knowledge  of  the 
Candidate,  and  shall  certify  to  that  effect  upon  the  certificate. 
Proc.  Geol.  Assoc ,  Vol.  XX,  Part  i,  1906.]  i 
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VI. 

The  certificate  of  the  Candidate  shall  be  read  at  the  Ordinary 
Meeting  following  the  receipt  of  the  same,  and  the  Candidate 
shall  be  submitted  for  election  at  the  succeeding  Ordinary 
Meeting. 

VII. 

The  method  of  voting  for  the  election  of  Ordinary  Members 
shall  be  as  follows:  the  name  shall  be  read  from  the  Chair  and 
the  Candidate  shall  be  declared  duly  elected  unless  a  ballot  is 
demanded,  in  which  case  one  black  ball  in  six  shall  exclude,  but 
no  such  ballot  shall  be  valid  unless  twelve  Members  shall  have 
voted. 

VIII. 

Ordinary  Members  shall  pay  an  Admission  Fee  of  Ten 
Shillings,  and  (except  in  the  case  of  Country  Members  elected 
previous  to  January,  1863)  an  Annual  Subscription  of  Ten 
Shillings,  and  shall  not  be  entitled  to  any  of  the  rights  or  privileges 
of  Membership  until  the  Admission  Fee  and  the  first  Annual 
Subscription  shall  have  been  paid. 

IX. 

Members  may  commute  the  Annual  Subscription  by  a  pay- 
ment of  Seven  Pounds  Ten  Shillings  (excepting  those  Members 
elected  before  November,  1893,  who  may  commute  the  same  by 
a  payment  of  Five  Pounds  Five  Shillings). 

X. 

The  Annual  Subscription  shall  become  due  on  the  ist  of 
January  in  each  year;  in  the  case  of  new  Members,  immediately 
after  election,  but  the  first  Annual  Subscription  of  Members 
elected  during  the  months  of  November  and  December  shall 
cover  the  year  following  that  of  their  election. 

XI. 

Ordinary  Members  whose  Annual  Subscription  is  twelve 
months  in  arrear  shall  not  be  entitled  to  any  of  the  rights  or 
privileges  of  Membership;  and  any  Member  whose  Annual 
Subscriptions  are  two  years  in  arrear  may  be  removed  from  the 
Association  by  the  Council. 

XII. 

Any  Member,  whose  conduct  is,  in  the  opinion  of  the  Council, 
prejudicial  to  the  interests  of  the  Association,  may  be  removed 
from  the  Association  by  the  Council,  by  the  vote  of  a  majority  of 
two-thirds  present  at  a  Meeting  of  the  Council,  on  the  Agenda 
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paper  of  which  the  words  "Removal  of  a  Member"  shall  have 
appeared;  provided  that  no  Member  may  be  so  removed,  unless 
"due  notice  has  been  sent  to  him  of  the  intention  of  the  Council 
to  proceed  against  him  under  this  Rule,  and  of  the  nature  of  the 
<:harges  made  against  him,  and  an  opportunity  has  been  afforded 
him  of  answering  such  charges,  and  of  explaining  his  conduct  to 
the  satisfaction  of  the  Council. 

XIII. 

The  management  of  the  Association  shall  be  vested  in  a 
President,  four  Vice-Presidents,  a  Treasurer,  one  or  more  Secre- 
taries, as  the  Council  may  from  time  to  time  determine,  an 
Editor,  a  Librarian,  and  twelve  other  Members,  who  shall  consti- 
tute a  Council,  to  be  elected  annually  at  the  Annual  General 
Meeting  by  ballot;  provided  that  the  senior  Vice-President,  and 
the  two  senior  Members  of  the  Council  who  shall  not  have  held 
-during  the  preceding  year  any  distinctive  office,  shall  not  be 
eligible  for  re-election  as  Vice  President,  or  as  unofficial  Members 
of  the  Council,  respectively,  until  the  next  Annual  General 
Meeting;  and  that  the  new  Council  shall  contain  at  least  four 
Members  who  were  not  Members  of  the  Council  during  the 
preceding  year. 

XIV. 

In  case  of  a  vacancy  arising  in  any  office  of  the  Association, 
-or  in  the  Council,  the  Council  shall  have  power  to  fill  up  such 
vacancy  until  the  next  Annual  General  Meeting  of  the  Associa- 
tion. 

XV. 

The  Members  of  the  Council  attending  each  Meeting  of  such 
Council  shall  sign  their  names  in  a  book  kept  for  the  purpose ; 
five  Members  shall  form  a  quorum,  except  as  otherwise  provided 
in  these  Rules. 

XVI. 

The  Council  may  be  sub-divided  into  such  committees  as  are 
•desirable,  and  may  associate  Members  not  on  the  Council  on  any 
such  committees. 

XVII. 

For  the  purpose  of  the  legal  protection  of  the  property  of  the 
Association,  all  the  funds,  books,  specimens,  and  other  property 
of  the  Association  shall  be  vested  in  three  or  more  Trustees,  who 
shall  be  Members  of  the  Association,  and  shall  be  appointed  by 
-the  Council;  provided  that  the  Council  shall  have  power,  by  the 
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vote  of  a  majority  of  its  whole  number,  to  sell  or  otherwise  dispose 
of  any  books,  specimens,  or  other  property  as  may  seem  to  them 
advisable  for  the  benefit  of  the  Association. 

XVIII. 
Minutes  shall  be  kept  of  the  Meetings  of  the  Association  and 
of  the  Council,  and  the  minutes  of  each  Meeting  shall  be  read  as 
the  first  business  of  the  next  ensuing  Meeting  of  the  same  kind. 

XIX. 

The  Ordinary  Meetings  of  the  Association  shall  be  held  on 
the  first  Friday  in  each  month  (except  during  the  months  of 
August,  September,  and  October)  at  eight  o'clock  in  the  evening, 
but  the  Council  may  alter  the  day  and  hour  of  Meeting. 

XX. 

The  Council  may,  whenever  they  think  fit,  and  they  shall,  upon 
a  Requisition  signed  by  not  less  than  twelve  Members,  convene  a 
Special  General  Meeting  of  the  Association.  One  month's  notice 
of  the  date  and  object  of  such  Special  General  Meeting  shall  be 
given  from  the  Chair,  and  a  printed  notice  to  the  same  effect 
shall  be  sent  to  each  Member  of  the  Association  residing  in  the 
United  Kingdom,  not  less  than  seven  days  before  such  Meeting ; 
and  no  business  shall  be  considered  at  such  Meeting  except 
that  for  which  it  was  specially  convened. 

XXI. 

The  Accounts  of  the  Association  shall  be  made  up  to  the 
31st  December  in  each  year,  and  audited  by  two  Auditors,  who 
shall  be  appointed  at  the  January  Meeting;  and  the  Balance- 
sheet  shall  be  submitted,  together  with  a  Report  of  the  general 
progress  of  the  Association  during  the  preceding  year,  to  an 
Annual  General  Meeting,  which  shall  be  held  at  such  hour 
before  the  Ordinary  Meeting  in  February  as  the  Council  shall 
appoint. 

XXII. 

Persons  of  eminence  in  geological  science,  or  who  have  done 
some  special  service  to  the  Association,  may  be  recommended  by 
the  Council  for  election  as  Honorary  Members  at  the  Annual 
General  Meeting,  and  shall,  upon  being  elected,  have  full  rights 
and  privileges  of  Membership,  but  the  number  of  Honorary 
Members  shall  not  exceed  twenty. 

XXIII. 

A  copy  of  these  Rules  shall  be  sent  to  each  Member  on 
election. 

XXIV. 

No  Rule  shall  be  altered  except  by  a  majority  of  votes  of  those 
present  at  a  Special  General  Meeting  convened  for  that  purpose. 
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ORDINARY    MEETING. 

Friday,  November  2Nd,  1906. 

R.  S.  Herries,  M.A.,  V.P.G.S.  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
Arthur  Chichester  Crookshank,  Archibald  Sanford. 

The  evening  was  then  devoted  to  a  Conversazione  and  the 
following  is  a  list  of  the  exhibitors  and  their  exhibits ; 

The  President  :  A  representative  collection  of  fossils  from  the  Lias  of 
Yorkshire,  arranged  according  to  zones. 

The  Director  of  the  Geological  Si;rvev  :  Maps  and  Memoirs  pub- 
lished by  the  Survey  during  the  past  year. 

G.  F.  Brown  :  Fossils  from  the  Chalk  of  Merstham,  Epsom  and  Ashtead. 

Rev.  R.  Ashington  Bullen  :  Prehistoric  remains  from  Harlyn  Bay,  Corn- 
wall, and  Foraminifera  from  the  Pleistocene  of  Eastern  Crete. 

C.  P.  Chatwin  and  T.  H.  Withers  :  A  series  of  fossils  from  the  Chalk 

selected  to  show  zonal  variation. 
G.  B.  Dibley  :  Fossils  from  the  Chalk,  including  a  set  of  31  associated  teeth 

of  Pfyckodms  dtcurrtns  from  the  Holasttr  fuAglodasmS'ioae  of  Burham, 

Kent 
F.  B.  Edmonds  :  The  Tolmdn  (picture),  Constantine,  Cornwall. 
W.  G.  Fearnsides  on  behalf  of  Mr.  T.  O.  Bosworth  :  Fossils  from  the 

Lower  Chalk  of  Cambridge. 
James  Francis  :  Fossils  from  the  Lias  of  the  Yorkshire  Coast. 
J.  W.  Garnham  :  Specimens  of  worked  rock-crystal,  jade  etc. 
Prof.  E.  J.  Garwood  :  Models  and  photographs  of  Ticino  Lakes.    Three- 

colour  micro-photographs  of  sections  of  rocks  and  minerals. 
Miss  M.  S.  Johnston  :  Fossils  from  the  Jurassic  rocks  of  England  and 

of  Bavaria. 
H.  KiDNER  :  Jet,  Fossil  wood,  etc.  from  the  Yorkshire  Coast. 

F.  Lash  AM  :  Eolithic  and  Palaeolithic  Implements. 

D.  A.  Louis  :  Minerals  from  Cornwall,  and  from  Colorado,  and,  by  special 

permission,  the  Presentation   Portrait  of   Professor  Judd,  pamted  by 

T.  Liddall  Armitage. 
Dr.  H.  C.  Male:  Pleistocene  bones  from  a  cave  at  Clevedon,  with  photographs. 
H.  T.  Nevvton  :  Specimens  collected  on  Excursions  of  the  Association. 

G.  Potter  :  Portrait  of  Toulmin  Smith,  first  President  of  the  Association, 

and  various  prints  of  geological  interest. 
T,  W.  Reader  :  A  series  of  Ammonites  from  the  Lias. 
Dr.  a.  £.  Salter  :  Contoured  map  of  the  northern  counties  of  England  on 

a  scale  of  i-inch  to  2  miles. 
W.  P.  D.  Stebbing  :  Rocks  from  Loch  Spiggie,  Shetland. 
A.  Beeby  Thompson  :  Native  Bitumens  and  other  Petroleum  products. 
A.  ToDD-WHrrE  :  Palaeolithic  Implemento,  recently  found  at  Leytonstonc. 
Miss  E.  Whitley  :  Lava  and  volcanic  dust  from  the  eruption  of  Vesuvius  in 

1906,  with  photographs,  also  Gabbros  from  the  Saas  F^  District. 
A.  H.  Williams  :  Rocks  from  the  Lizard  and  other  Cornish  localities. 
W.  Wright  :  Fossils  from  the  Chalk  of  Surrey. 
W.  P.  Young  :    Geological  lantern  slides,  mainly  from   Lyme  Regis  and 

Whitby,  also  photographs  to  illustrate  water-erosion. 
R.  &  J.  Beck,  Ltd  :  Two  Microscopes  and  Objects. 
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ORDINARY    MEETING. 

Friday,  December  7TH,  1906. 

R.  S.  Herries,  M.A.,  V.RG.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association :  Rev- 
Robert  Percy  Barron,  Percy  George  Hamnall  Boswell,  Arthur  L. 
Dixon,  Harvey  CoUingridge,  B.Sc,  A.M.I.C.E.,  Christopher  C 
Fagg,  Joseph  Green,  Paul  Haas,  D.Sc,  Ph.D.,  William  Henry 
Hamilton,  William  Hay,  Miss  K.  M.  Leeds,  Henry  Edward  New- 
ton, John  Newton,  Rev.  Joseph  Newton,  Harold  Tinker,  Joseph 
Tunstall,  Major  A.  R.  Winsloe,  R.E.,  Thomas  John  Woodrow, 
M.  Yeatman-Wolff,  F.Z.S. 

The  President  referred  to  the  death  of  the  Rev.  J.  F.  Blake, 
and  said  that  the  Council,  at  their  Meeting  on  October  5th,  had 
passed  a  motion  of  sympathy,  and  a  copy  of  the  resolution  had 
been  sent  to  the  members  of  the  family.  He  also  announced 
that  the  Council,  acting  under  Rule  XIV,  had,  on  October  5th, 
appointed  Mr.  E.  T.  Newton  to  be  Vice-President  in  place  of 
Rev.  J.  F.  Blake,  and  Messrs.  T.  V.  Holmes  and  W.  Whitaker  to 
be  members  of  the  Council  to  fill  the  vacancies  caused  by  the 
deaths  of  the  Rev.  J.  F.  Blake  and  Mr.  Percy  Emary. 

The  President  then  said  that  the  Association  had  recently 
suffered  a  further  loss  by  the  death  of  Mr.  Thomas  Leighton, 
which  occurred  very  suddenly  on  November  nth,  within  a  few 
days  of  that  of  his  wife.  Mr.  Leighton  had  acted  for  several  years 
as  Excursion  Secretary  with  great  energy  and  success,  doing  all 
the  work  without  the  assistance  of  a  committee.  His  wide  know- 
ledge of  business  matters  had  also  been  of  great  practical  value  to 
the  Association.  He  then  proposed  the  following  resolution 
which  had  already  been  adopted  by  the  Council : — "The  Council 
and  Members  of  the  Geologists'  Association  having  heard  with 
much  regret  of  the  death  of  Mr.  Thomas  Leighton,  for  several 
years  Excursion  Secretary  of  the  Association,  beg  to  tender  their 
sincere  sympathy  with  his  family  in  their  bereavement." 

The  resolution  was  carried  and  ordered  to  be  entered  on  the 
Minutes,  and  a  copy  sent  to  the  family  of  the  late  Mr.  Leighton. 

The  following  paper  was  read  : — "  The  Zones  of  the  White 
Chalk  of  the  English  Coast,  part  V,  The  Isle  of  Wight."  by 
Dr.  Arthur  W.  Rowe,  F.G.S.  The  paper  was  illustrated  by 
lantern  slides  and  diagrams. 

At  the  conclusion  of  the  Paper,  Mr.  C.  Davies  Sherborn 
described  the  diagrams  which  were  exhibited.  The  President 
then  expressed  the  thanks  of  the  Association  to  the  Author,  and 
a  discussion  followed  in  which  Mr.  H.  J.  Osborne  White  and 
Mr.  G.  W.  Young  took  part. 
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ORDINARY    MEETINC;. 
Friday,  January  4TH,  1907. 
R.  S.  Herries,  M.A.,  V.P.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association: 
Albert  Henry  Hill,  Alexander  Frederick  Hogg,  M.A.,  Peter 
Mclntyre,  James  Stephen  Neil,  Mrs.  Dalton  Pontifex. 

Messrs.  H.  Kidner,  F.G.S.,  and  J.  V.  Elsden/  F.G.S.,  were 
appointed  Auditors  of  the  Accounts  of  the  Association  for  1906. 

A  lecture  was  given  by  Horace  Woollaston  Monckton, 
V.P.L.S.,  F.G.S.,  entitled  "On  a  Norwegian  Snowfield  and  its 
Glaciers."  It  was  illustrated  by  a  series  of  lantern  slides  from 
photographs  taken  by  the  lecturer  for  the  most  part  during  the 
past  summer  showing  views  of  the  great  Snowfield,  Jostedals- 
braEj,  and  of  the  following  Glaciers  which  flow  down  from  it. 
Lundebne,  Mselkevoldbrae,  Brigsdalsbrse,  Kjendalsbrae,  Suphelle- 
brae,  and  Boj  umsbrae. 

The  Lecture  was  followed  by  a  discussion  in  which  the 
President,  Mr.  G.  W.  Young,  Mr.  \V.  Whitaker,  and  Mr.  Corcoran 
took  part.     Mr.  Monckton  briefly  replied. 
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Friday,  February  ist,  1907. 

R.  S.  Herries,  M.A.,  V.P.G.S.,  President,  in  the  Chair. 

Messrs  F.  Nichols  and  F.  Morey  were  appointed  Scrutineers 
of  the  ballot 

The  following  report  of  the  Council  for  the  year  1906  was 
then  read : 

THE  numerical  strength  of  the  Association  on  December  31st, 
1906,  was  as  follows : 

Honorary  Members 15 

Ordinary  Members — 

a.  Ijfe  Members  (compounded).  .        .169 

b.  Old  Country  Member  (5s.  Annual  Subscription)         i 

c.  Other  Members  (los.  Annual  Subscription)  434 


Total         .        .        .        .        619 

This  shows  an  increase  of  twenty-five  members  as  compared 
with  the  corresponding  figures  for  the  previous  year,  and  it  is 
noteworthy  that  this  is  the  first  time  the  Association  has  reached 
a  membership  of  over  600. 

During  the  year  forty-nine  new  members  were  elected. 

The  Council  regret  that  the  Association  has  lost  an  unusually 
large  number,  no  fewer  than  twelve,  by  death  during  the  year. 
Amongst  them  were  some  of  the  oldest  and  best  known  of  our 
members,  including  two  members  of  the  Council.  The  names 
are:  Rev.  J.  F.  Blake,  Frank  Chapman,  Charles  Baron  Clarke, 
Henry  Dewes,  Percy  Emary,  George  Frederick  Harris,  Thomas 
Leighton,  Joseph  Puckett,  Arthur  R.  Rayden,  George  J.  Smith, 
Charles  Southwell,  and  James  Wadeson. 

Prof.  J.  F.  Blake,  M.A.,  F.G.S.,  died  July  7th,  1906,  aged  67 
years.  In  him  the  Association  has  lost  one  of  its  most  active  and 
gifted  members.  A  full  obituary  notice  appears  in  the  Geological 
Magazine  for  September,  1906,  but  the  following  particulars  may 
be  of  interest.  He  was  an  Old  Blue-Coat  boy,  and  proceeding 
from  Christ's  Hospital  to  Caius  College,  Cambridge,  he  became 
15th  Wrangler  in  1862  also  taking  first  place  in  the  Natural 
Science  Tripos  in  the  same  year.  He  joined  the  Association  in 
1875,  edited  the  Proceedings  for  1881  and  1882,  and  was  Presi- 
dent for  1891-3.  In  1895  the  Lyell  Medal  was  awarded  to  him 
by  the  Geological  Society. 
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He  was  a  man  of  untiring  energy,  and  his  geological  works 
were  very  numerous,  several  important  ones  having  been  con- 
tributed to  our  Proceedings,  amongst  which  may  be  particularly 
mentioned : 

"  On  the  Chalk  of  Yorkshire,"  vol.  v,  part  5. 
"  On  the  ClassiBcation  of  Rocks/'  vol.  vi,  part  9. 
*'  The  N.W.  Highlands  and  their  Teachings,"  vol.  viii,  part  8. 
*•  The  Volcanoes  of  Italy,"  vol.  xi,  part  4. 

^'Geology  of  Country  between  Redcar  and  Bridlington,*'  vol.  xii,  part  4. 
***  The  Evolution  and  CUssification  of  the  Cephalopoda,"  vol.  xii,  part  7. 
*'  Sketch  of  the  Geology  of  Carnarvonshire  and  Anglesey,"  vol.  xii,  parts 
<)  and  10. 

**'On  the  bases  of  the  Classification  of  Ammonites,"  vol.  xiii,  part  2. 

He  also  wrote  reports  of  the  many  Excursions  of  which  he  was 
J^irector.  He  was  a  frequent  exhibitor  at  the  Annual  Con- 
versazione, and  his  death  leaves  a  gap  in  the  ranks  of  the 
Association  which  it  will  be  hard  to  fill. 

Charles  Baron  Clarke,  M.A.,  F.R.S.,  F.L.S.,  F.G.S.,  joined 
the  Association  in  1897.  Although  taking  considerable  interest 
in  Geology  he  was  much  better  known  as  a  botanist  He  was  a 
keen  observer,  and  during  a  long  residence  in  India  he  devoted 
his  leisure  to  the  study  of  the  vegetation  of  the  Far  East,  upon 
which  he  was  recognised  as  an  authority.  For  the  last  thirty  years 
he  paid  particular  attention  to  the  Sedges  (Cyperacese)  and  has 
left  an  immense  amount  of  manuscript  descriptions  of  this  difficult 
family.  He  was  President  of  the  Linnean  Society  from  1894 
to  1 896.  Despite  his  age  (74  years)  he  was  exceedingly  active  and 
frequently  attended  the  Excursions  of  the  Association,  the  last 
being  to  Ightham  on  July  21st,  less  than  a  month  before  his  death, 
when  he  appeared  to  be  in  the  best  of  health. 

In  Percy  Emary,  F.G.S.,  our  late  Secretary,  the  Association 
has  lost  a  zealous  and  efficient  officer.  He  joined  in  1893,  and 
was  appointed  Secretary  in  June,  1897,  which  post  he  held  until 
his  death  in  May  last,  at  the  early  age  of  38.  During  this  long 
period  of  nearly  nine  years  he  gave  unremitting  attention  to  the 
onerous  duties  of  the  office.  He  was  a  member  of  the  Clerical 
Staff  of  the  Education  Department  of  the  London  County 
Council,  and  was  Assistant  Lecturer  on  Geology  at  the  Birkbeck 
Institute.  He  was  elected  a  Fellow  of  the  Geological  Society  in 
1897.  An  appreciative  notice  by  the  President  will  be  found  in 
the  Proceedings,  vol.  xix,  p.  446. 

George  Frederick  Harris,  F.G.S.,  was  elected  in  1884,  and 
served  as  a  member  of  the  Council  in  1887.  He  had  not 
of  late  attended  many  of  the  meetings  of  the  Association,  but 
his  position  as  Lecturer  on  Geology  at  the  Birkbeck  Institute 

•Presidential  Address. 
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brought  him  into  close  connection  with  many  of  our  younger 
geologists.  In  conjunction  with  Mr.  H.  W.  Burrows  he  wrote 
an  exhaustive  paper,  "  On  the  Eocene  and  Oligocene  Beds  of  the 
Paris  Basin,"  which  was  published  as  a  separate  paper  by  the 
Association.  It  is  a  work  of  patient  research,  and  invaluable  to 
anyone  visiting  the  district  (see  also  Gtol.  Mag,^  September, 
1906). 

Thomas  Leighton,  F.G.S.,  who  joined  in  1886,  was  at  one 
time,  perhaps,  the  most  active  member  of  the  Association. 
During  the  years  1890  to  1896  he  acted  as  sole  Excursion 
Secretary  without  the  help  of  a  Committee,  a  position  that 
demanded  an  enormous  amount  of  harassing  work,  which  he 
cheerfully  undertook  and  successfully  carried  out.  His  position 
as  the  head  of  a  leading  firm  of  bookbinders  enabled  him  to  give 
frequent  help  to  the  Editor  and  others  on  matters  connected 
with  the  book-trade,  and  this  practical  experience  was  of  great 
value  to  the  Association.  He  contributed  papers  to  the 
Proceedings  dealing  with  the  Lower  Greensand  of  Surrey  and 
of  the  Isle  of  Wight  and  on  sections  at  Dulwich,  and  he  con- 
ducted several  excursions  in  Surrey,  and  also  one  to  the  Tertiary 
area  of  the  Isle  of  Wight. 

In  (f.  J.  Smith  and  J.  Wadeson  the  Association  loses  two  of 
its  oldest  members,  the  former  having  been  elected  in  1859  and 
the  latter  in  1862. 

The  finances  of  the  Association  continue  to  be  in  a  satis- 
factory condition.  The  income  in  1 906  was  slightly  larger  than 
in  1905.  An  increase  was  shown  in  admission  fees,  in  annual 
subscriptions,  and  in  the  proceeds  from  the  sale  of  publications. 
On  the  other  hand,  there  was  a  drop  of  £\o  in  life  com- 
position fees.  During  the  year  ^50  was  invested,  which  brings 
the  total  invested  capital  of  the  Association  to  jQiyii'j  2s.  6d. 
Nottingham  Corporation  Stock,  which  is  worth  at  current  prices 
about  ji^  1,095,  ^^^  is  equal  to  a  sum  of  nearly  jQ6  los.  in  respect 
of  each  living  compounder.  The  ordinary  expenditure  for  the 
year  1906  amounted  to  £2^^^  2s.  5d.,  as  compared  willi 
;£"224  14s.  3d.  for  1905. 

The  Proceedings  of  the  year  have  been  issued  in  4  numbers, 
which  practically  complete  the  nineteenth  volume.  They 
comprise  233  pages  of  text,  6  plates,  and  31  figures.  The  thanks 
of  the  Association  are  due  to  the  several  authors  for  their 
communications,  and  also  to  Dr.  A.  Smith  Woodward,  F^RS., 
for  the  loan  of  blocks  and  preparation  of  drawings,  to  the 
Director  of  the  Geological  Survey  for  allowing  the  Geological 
Map  of  the  Lummaton  and  Barton  District  to  be  adapted  from 
the  Survey  Map,  to  W.  P.  Young,  Esq.,  F.R.M.S.,  and  H.  W. 
Monckton,  Esq.,  F.L.S.,  F.G.S.,  for  photographs  taken  at  Lyme 
Regis,  and  to  Godfrey  Bingley,  Esq.,  for  photographs  lent  to 
illustrate  the  report  of  the  Yorkshire  Excursion. 
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The  additions  to  the  library  for  the  year  include,  beside  the 
usual  serial  publications  received  in  exchange,  several  reprints 
of  papers  presented  by  the  authors,  together  with  the  volumes 
of  the  British  Museum  Catalogue,  and  the  Geological  Survey 
Memoirs,  published  during  the  year,  and  thanks  are  due  to 
the  various  donors. 

An  expenditure  of  about  ^7  has  been  incurred  on 
binding,  but  there  are  still  many  arrears.  The  proposal  to  hand 
over  the  Library  to  University  College  alluded  to  in  last  year's 
Report  was  considered  at  a  Special  General  Meeting  on  July  6th, 
and  carried  by  a  large  majority.  In  accordance  with  this 
resolution  the  Library  has  been  offered  to  University  College 
and  accepted  by  them  on  the  terms  proposed  by  the  Association, 
and  a  deed  legalising  the  transfer  is  in  course  of  preparation. 

The  following  is  a  list  of  the  papers  read  at  the  evening 
meetings. 

"The  Study  of  Fossil  Fishes"  (Presidential  Address),  by  A.  Smfih 
Woodward,  LL.D.,  F.R.S.,  F.L.S.,  F.G.S. 

"  Remarks  on  the  Upper  Chalk  of  Surrey,'*  by  A.  J.  Jukes-Brownb. 
B.A.,  F.G.S. 

"  The  Devonian  Limestones  of  Lummaton  Hill,  near  Torquay,"  by  A.  J. 
Jukes-Browne,  B.A.,F.G.S. 

"  Note  on  an  Ostracodal  Limestone  from  Durlston  Bay,  Dorset/'  by 
Frederick  Chapman,  A.L.S.,  F.R.M.S. 

"The  Felsitic  Agglomerate  of  the  Chamwood  Forest,"  by  F.  W. 
Bennett,  M.D^  B.Sc 

"  On  the  occurence  of  Quartzose  Gravel  in  the  Reading  Beds  at  Lane  F.nd, 
Bucks"  by  H.  J.  Osbornk-Whitk,  F.G.S. 

*'0n  the  Higher  Zones  of  the  Upper  Chalk  in  the  Western  Part  of  the 
London  Basin/'  by  Ll.  TREACHER,  F.G.S.,  and  H.  J.  OsBORNE-WnrrE, 
F.G.S. 

"  The  Geology  of  the  Yorkshire  Coast  between  Redcar  and  Robin  Hood's 
Bay,"  by  the  President.  R.  S.  Herries,  M.A.,  V.P.G.S. 

*'  The  Rhaetic  and  contiguous  Deposits  of  Devon  and  Dorset,"  by 
L.  Richardson,  F.G.S. 

"  The  Zones  of  the  White  Chalk  of  the  English  Coast,  Part  V.,  the  Isle  of 
Wight,"  by  Dr.  Arthur  W.  Rowe,  F.G.S. 

Lectures  were  delivered  by  Horace  W.  Monckton,  V.P.L.S.,  F.G.S.  "On 
the  Geology  of  the  country  around  the  Sogne  Fjord  and  the  Hardanger 
Fjord,  Norway ;  "  by  S.  Hazzledine  Warren,  F.G.S.,  on  "  The  Pressure- 
chipping  of  Flint,  and  the  question  of  Eolithic  .Man  '*  (with  a  practical 
demonstration  of  the  process),  and  by  G.  W.  Lamplugh,  F.R.S.,  F.G.S.,  on 
*'  The  Erosion  of  the  Batoka  Gorge  of  the  Zambesi." 

The  thanks  of  the  Association  are  due  to  all  these  gentlemen. 

During  the  year  twenty  excursions  have  been  made,  com- 
prising three  Museum  visits,  eight  half-day  and  six  whole-day 
excursions,  besides  the  three  longer  excursions,  at  Easter,  Whitsun, 
and  the  end  of  July. 
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The  following  is  a  list  of  the  dates,  localities,  and  directors  : 


Date. 
March  10 

March  17 

March  24 
March  31 
April  7 

April  13  to  17 
(Easter) 

April  28 

May  5 
May  12 

May  19 

May  26 


June  2  to  6 
(Whitsun) 

June  16 

June  23 
June  30 
July  7 


July  14 
July  21 


Place. 
British  Museum  (Nat.  Hist.) 

Essex    Museum    of    Natural 

History. 
Mr.  Dibfey's  Collection 
Whetstone  and  N.  Finchley 
Ingatestone,  etc. 

Lyme  Regis 


East  Wickham 

Ashstead  and  Headley 
Boxford  and  Winterbourne 


Battle  and  Netherfield 
Ayot  Green  and  Hatfield 
Isle  of  Wight 


Stamford,  Kelton,  and  Colly- 

weston 
Lewes 

Shere  and  Albury 
Danbury  and  Little  Baddow 

(by  invitation  of  the  Essex 

Field  Club.) 


Bentley,  Suffolk 
Ightham 


July  23  to  31  Yorkshire     Coast     (Whitby 

(Long  Excursion)      District) 
September  15  Rayleigh  Hills 


Directors. 

Dr.  A.  Smith  Woodward ^ 

F.R.S.,  F.G.S. 
W.  Cole,  F.L.S.,  F.R.S. 

G.  E.  Dibley.  F.G.S. 
Griffith  Humphreys. 
A.     E.     Salter,     D.Sc, 

F.G.S. 
Horace    B.    Woodward, 

F.R.S.,    F.G.S.,    and 

G.  W.  Young,  F.G.S. 
A.  L.  Leach,  and  B.  C. 

Polkinghorne,  B.Sc. 
G.  W.  Young.  F.G.S. 
H.    J.    Osborne-White, 

F.G.S.,      and       LU 

Treacher,  F.G.S. 
W.      Whitaker,       B.A. 

F.R.S..    F.G.S.,    and 

E.  J.  Baily 
H.W.Monckton.F.L.S., 

F.G.S.,  and    J.   Hop- 

kinson.  F.L.S..  F.G.S. 

The    President,    G.  W. 

Colenutt,  F.G.S.,   and 

R.  W  Hoolev,  F.G.S. 
B  e  e  b  y        Tnompson. 

F.G.S..  F.C.S. 
G.  E.  Dibley.  F.G.S. 
The  President. 
A.    E.     Briscoe,     B.Sc. 

Miller  Christy,  F  L.S. 

W.Cole.  F.L.S.,F.E.S. 

T.  W.  Reader,  F.G.S., 

and     A.     £.     Salter. 

D.Sc,  F.G.S. 

E.  P.  Ridley.  F.G.S. 

F.  J.   Bennett,    F.G.S., 
and  B.  Harrison. 

The  President. 


A.     E.     Salter, 
F.G.S. 


D.Sc., 


Detailed  reports  of  these  excursions  will  be  found  in  the 
Proceedings. 

No  special  Cycling  Excursions  have  been  arranged  during  the 
past  year,  they  not  having  been  well  attended  in  former  seasons. 

The  difficulty  in  getting  attractive  half-day  excursions  has  led 
to  an  increase  in  the  number  of  whole  day  excursions,  and  this 
course  has  been  justified  by  results,  a  very  early  start  alone 
being  unpopular. 
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The  attendance  at  the  Easter  Excursion  was  a  record  one,  and 
that  at  the  Whitby  Excursion  was  smaller  than  would  have  been 
the  case  had  it  not  been  held  rather  earlier  than  usual  to  suit  the 
exigencies  of  the  tide,  but  this  did  not  detract  from  the  great 
interest  of  the  excursion. 

The  cost  to  the  Association  in  the  past  year  owing  to  guarantee 
of  reduced  fares  was  £1  17s.  Qd. 

The  Excursion  Committee  think  it  desirable  in  future  that 
more  copies  of  the  Long  Excursion  Pamphlet  should  be  pnnted 
.and  a  certain  number  left  on  sale  with  the  principal  bookseller  in 
the  town  where  the  excursion  is  held.  This  course  was  adopted 
last  year  at  Whitby  and  proved  very  successful  financially,  and 
will,  they  think,  tend  to  increase  the  membership  of  the  Associa- 
tion. 

The  Committee  suggest  that  it  would  add  to  the  interest  of  the 
longer  excursions  if  one  or  two  of  the  members  attending  made 
a  special  effort  to  get  together  a  representative  collection  of  speci- 
mens and  photographs  illustrating  the  excursion  for  exhibition 
at  the  November  soiree. 

The  Excursion  Secretaries  responsible  for  the  organization  of 
.the  excursions  have  been  Messrs  G.  E.  Dibley,  H.  Kidner,  T.  W. 
Reader,  W.  P.  D.  Stebbing,  A.  H.  Williams,  G.  W.  Young  and 
A.  C.  Young. 

Thanks  are  due  to  the  Directors  of  the  Excursions  and  also 
to  the  following  for  assistance  and  hospitality:  Mrs.  Dibley  at 
Sydenham,  Mr.  and  Mrs,  AUhusen,  and  Sir  Wilfrid  Peek,  Bart.,  at 
Lyme  Regis,  Mr.  J.  Dewhirst  at  Ingatestone  and  Great  Baddow, 
Mr.  H.  W.  Kemp  at  Netherfield,  Mrs.  Colenut  at  Ryde,  Miss 
Spottiswoode  at  Shere,  The  Essex  Field  Club  and  Mrs.  Briscoe 
-at  Danbury,  Mrs.  Booth  and  Messrs.  Boswell  and  Batchelder 
jit  Bentley,  Rev.  Canon  Austin  and  Messrs.  T.  Newbitt  and 
W.  H.  Hamilton  at  Whitby,  and  also  to  the  Director  of  the 
Geological  Survey  for  the  one-inch  Geological  Maps  published 
during  the  year. 

The  following  are  the  changes  in  the  house  list : 

Mr.  H.  W.  Monckton  retires  from  the  Vice-Presidency  ;  Dr.  A. 
E.  Salter  finds  himself  compelled  to  resign  the  Editorship  ;  and 
Dr.  J.  S.  Flett,  Miss  M.  Healey,  Dr.  F.  L.  Kitchin,  and  Miss 
E.  Pearse,  retire  from  the  Council. 

Thanks  are  due  to  all  of  these  for  the  assistance  they  have 
rendered  in  carrying  on  the  business  of  the  Association  and 
especially  to  Dr.  Salter  for  the  excellent  way  in  which  he  carried 
out  the  duties  of  Editor. 

It  was  moved  by  Mr.  GrilSith  Humphreys,  seconded  by  Mr. 
J.  Barrow  and  resolved,  "  That  the  Report  just  read  be  adopted 
as  the  Annual  Report  of  the  Association  for  the  year  1906, 
including  the  statement  of  account." 


ANNUAL   GENERAL   MEETING.  1 5 

The  scrutineers   reported  that  the  following  had  been  duly 
elected  as  Officers  and  Council  for  the  ensuing  year  : 

President  : 
R.  S.  Herries,  M.A.,  V.P.G  S. 

Vice-Presidents  : 


Upfield  Green,  F.G.S. 

E.  T.  Newton,  F.R.S.,  F.G.S. 


Capt.  A.  W.  Stiffe,  F.G.S. 
A.    Smith    Woodward,   LL.D, 
F.R.S..  F.L.S.,  F.G.S. 


Treasurer  : 

R.  Holland. 

Secretaries  : 

G.  W.  Young,  F.G.S.  |  A.  C.  Young,  F.C.S. 

Editor  : 

n.  W.  Monckton,  V.P.L.S.,  F.G.S.,  F.R.N.S. 

Librarian  : 
Prof.  E.  J.  Garwood,  M.A.,  F.G.S. 

Twelve  other  Members  of  Council: 


H.  A.  Allen,  F.G.S. 

T.  W.  Reader.  F.G.S. 

C.   W.   Andrews,  D.Sc, 

F.R.S., 

A.  E.  Salter,  D.Sc,  F.G.S. 

F.G.S. 

W.  P.  D.  Stebbing,  F.G.S. 

G.E.Dibley.  F.G.S. 

LI.  Treacher,  F.G.S. 

T.  V.  Holmes,  F.G.S. 

Prof.  W.  W.  Watts,  M.A.,  M.Sc, 

Miss  M.  S.  Johnston. 

F  R.S.,  F.G.S. 

H.  Kidner,  F.G.S. 

W.  Whitaker,  B.A.,  F.R.S.,  F.G.S., 

The  best  thanks  of  the  Association  were  voted  to  the  retiring 
Officers,  and  Members  of  Council,  and  also  to  the  Auditors  and 
Scrutineers. 

The  President  then  delivered  his  Address,  entitled,  "The 
Constitution  and  Management  of  Scientifk  Societies." 

On  the  motion  of  Mr.  W.  Whitaker,  F.R.S.,  seconded  by  Dr. 
A.  Smith  Woodward,  F.R.S.,  it  was  resolved :"  That  the 
President's  Address  just  read  be  printed  in  extenso." 

This  terminated  the  Annual  Meeting. 


ORDINARY    MEETING. 

Friday,  February  ist,  1907. 

R.  S.  Herries,  M.A.,  V.P.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
W^alter  Johnson,  F.G.S.,  Frank  Pickford,  M.A.,  William  H. 
Seabrook,  Miss  Caroline  E.  Shuckburgh,  Miss  Mary  C.  Sturgeon, 
J.  W.  Vaughan.' 

There  being  no  further  business  the  meeting  terminated. 
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THE    CONSTITUTION    AND    MANAGEMENT 
OF    SCIENTIFIC    SOCIETIES. 

By  R.  S.   HERRIES.  MA.,    V.P.G.S. 
(Presidmtial  Address  delivered  February  tst,  1907.) 

IT  is  not  the  custom  with  us,  as  in  some  societies,  for  the 
President  to  embody  in  his  annual  address  obituary  notices  of 
the  members  we  have  lost  by  death.  These  losses  are  men- 
tioned, instead,  in  the  Annual  Report  of  the  Council,  and  short 
accounts  are  given  of  those  who  have  been  most  prominent. 
But  before  entering  upon  the  subject  of  my  address  this  evening, 
and  without  wishing  to  create  any  precedent,  I  cannot  refrain  from 
noticing  the  exceptional  losses  we  have  sustained  during  the  past 
year,  including  as  they  do  our  Secretary,  one  of  our  Vice- 
Presidents  who  had  served  his  term  in  this  chair,  a  former 
Excursion  Secretar>',  one  of  the  authors  of  the  excellent  work  on 
the  Paris  Basin  published  by  the  Association,  and  several  other  old 
friends.  They  are  all  named  in  the  Report  you  have  heard  read,  but 
I  should  like  also  to  remind  you  of  the  death  of  one  who,  though 
not  one  of  our  members,  was  well-known  to  most  of  us  as  a 
leader  of  our  excursions  and  contributor  to  our  Proceedings. 
I  refer  to  Mr.  J.  G.  Goodchild,  whose  death  took  place  on 
February  21st  last  year,  soon  after  our  Annual  Meeting.  He 
acted  as  Director  of  the  Long  Excursion  on  three  occasions,  viz,, 
in  1889  to  West  Cumberland,  in  1897  on  the  Edinburgh 
Excursion,  and  in  1903  to  Berwick-on-Tweed.  He  had  a  genius 
for  conducting  excursions,  and  though  his  views  were  sometimes 
heretical  he  was  a  very  able  geologist,  and  a  good  friend  of  the 
Association. 

It  is  customary  on  the  death  of  an  ex-President,  or  any  other 
member  who  has  rendered  signal  service  to  the  Association,  for 
the  President  to  make  some  reference  to  the  occurrence  on  the 
first  opportunity.  Such  references  I  made  at  our  meetings  in 
June  and  December,  on  the  occasions  of  the  deaths  of  Mr.  Emary 
and  Mr.  Thomas  Leighton,  but  it  so  happened  that  Professor 
Blake's  death  took  place  on  July  7th,  the  day  after  our  last 
meeting  of  the  session.  No  opportunity,  therefore,  arose  to  refer 
to  it  till  November,  and  as  that  was  the  conversazione  I  thought 
it  better  to  reserve  what  I  had  to  say  until  the  Annual  Meeting, 
though  I  was  able  to  discharge  my  own  personal  obligation  to 
him  in  a  note  to  the  paper  I  prepared  for  the  Yorkshire  Coast 
Excursion.  You  have  already  heard  the  details  of  Professsor 
Blake's  life  and  connection  with  this  Association  in  the  Report, 
and  the  titles  of  his  principal  papers  are  there  given.  Undoubtedly 
his  chief  claim  to  the  title  of  a  distinguished  geologist  rests 
on  the  work  he  did  among  the  Jurassic  Rocks.     His  monographs 
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on  the  Kimeridge  Clay,  the  Portland  Rocks,  the  Corallian  Rocks 
(with  Mr.  Hudleston),  and  the  Yorkshire  Lias  (with  the  late 
Professor  Tate),  are  monuments  of  accuracy  and  research. 
Though  he  afterwards  travelled  into  other  fields  it  was  always  to  the 
Jurassic  or  Cretaceous  that  he  loved  to  return,  and  his  first 
paper  that  I  have  a  note  of  was  published  in  1870  in 
the  Proceedings  of  the  Yorkshire  Naturalists'  Club,  on  the 
Red  Chalk,  while  his  last  work  was  the  monograph  begun  in 
1905  for  the  Palaeontographical  Society  on  the  Corn  brash,  which 
he  did  not  live  to  finish.  During  all  that  time  there  are  only 
two  years,  1895  ^^^  ^^9^  (when  he  was  in  India),  in  which  I  do 
not  find  that  something  from  his  pen  was  published,  from  which 
may  be  gathered  the  voluminous  character  of  his  writings.  He 
had  an  eminently  critical  mind,  and  was  never  content  to  take 
things  for  granted,  whether  it  was  the  orthodox  view,  or  some 
heterodoxy  which  was  attracting  geologists.  There  was  no  sub- 
ject too  difficult  for  him,  and  during  the  last  twenty-five  years 
there  was  hardly  a  controversy  into  which  he  did  not  plunge  with 
his  characteristic  energy.  It  is  enough  to  mention  die  rocks  of 
St  David's,  the  North  West  Highlands,  Anglesey  and  Carnarvon- 
shire, the  Shropshire  Cambrians  and  Pre-Cambrians  among  the 
older  rocks,  and  the  Isle  of  Wight  Oligocene  controversy  raised 
by  Professor  Judd,  and  the  Moel  Tryfaen  shell  bed  among  the 
later  deposits.  We  must  remember,  too,  that  he  brought  out  four 
volumes  of  the  Annals  of  British  Geology,  a  work  which  alone 
would  have  taken  the  whole  time  of  most  men.  He  was  also  a  good 
palaeontologist,  and  had  made  a  special  study  of  the  Cephalopoda, 
some  of  the  results  of  which  he  laid  before  this  Association  in  the 
two  able  presidential  addresses  which  he  delivered  here.  Perhaps 
the  work  by  which  he  hoped  to  go  down  to  fame  was  that  which  he 
did  on  the  Anglesey  rocks,  to  which  he  gave  the  name  of  Monian, 
but  his  views  on  this  and  on  the  Carvamonshire  area  did  not  meet 
with  general  acceptance  among  other  workers  in  the  same  field, 
and  possibly  it  is  still  too  soon  to  judge  his  work  there,  which 
may  perhaps,  as  has  so  often  happened,  be  more  highly  thought 
of  by  those  that  come  after  than  by  his  contemporaries.  Still, 
be  that  as  it  may,  the  work  he  did  amongst  the  Secondary  Rocks, 
and  his  contributions  to  palaeontology,  will  entitle  him  to  a  high 
place  among  the  eminent  geologists  of  his  time. 

Blake  had  a  great  regard  for  the  Association,  and  was  a 
persona  grata  to  its  members.  He  was  President,  he  edited  the 
Proceedings,  he  was  several  times  Vice-President  and  hardly 
ever  off  the  Council.  I  find  that  including  reports  of  excur- 
sions at  least  twenty-three  of  his  papers  were  published  in  our 
Proceedings,  two  being  Presidential  Addresses.  As  a  director 
of  excursions  he  was  indefatigable.  When  President  he  conducted 
five  out  of  the  six  Long  Excursions  during  his  two  years  of  office. 
We  all  remember  his  short,  quick  step,  and  the  marvellous  rapidity 
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with  which  he  got  over  the  ground,  and  the  almost  boyish  enthu- 
siasm with  which  he  threw  himself  into  the  work  of  fossil  collecting 
in  the  quarry  or  on  the  shore.  It  was  with  sorrow  that  we  noted 
the  change  coming  over  him  during  the  last  year  of  his  life,  par- 
ticularly at  the  Llandrindod  Wells  Excursion,  and  when  the  end 
came,  rather  suddenly  at  the  last,  we  realised  that  the  Association 
had  lost  one  of  its  truest  friends. 

By  a  long-standing  custom  there  is  imposed  on  anyone  who 
accepts  the  office  of  President  of  a  Scientific  Society  the  task  of 
at  least  once  a  year  addressing  those  who  have  conferred  that 
high  honour  upon  him.  Sometimes  this  duty  is  performed  as  an 
inaugural  address  at  the  beginning  of  the  term  of  office,  but  in 
other  cases,  as  in  our  Association,  the  burden  hangs  round  the 
neck  of  the  President  like  a  millstone  throughout  the  whole  year. 
If  he  tries  to  forget  it  some  officious  friend  is  sure  to  remind  him 
of  it  by  trying  to  find  out  what  he  is  going  to  talk  about  I  say 
talk,  because  when  a  short  time  ago  our  Editor  mentioned  to  me 
that  he  had  no  copy  in  hand  for  the  February  number  of  the 
Proceedings,  and  suggested  that  it  would  be  convenient  if  he 
could  send  my  address  to  the  printers  at  once,  I  was  obliged  to 
confess  that  I  had  not  written  a  word.  I  then  felt  somewhat  in 
the  position  of  those  secretaries  of  slate-clubs,  of  whom  we  have 
heard,  who,  when  the  time  comes  for  sharing  out,  do  not  feel 
inclined  to  meet  their  fellow-members,  and  I  was  much  tempted, 
as  the  Annual  Meeting  came  nearer  and  nearer,  to  play  the  part 
of  the  missing  President,  in  which  case  I  am  sure  that  one  of 
your  able  Vice-Presidents  would  have  risen  to  the  occasion  and 
delivered  a  most  excellent  address  on  the  spur  of  the  moment. 

But  I  remembered  that  though  this  hard  task  was  laid  on  the 
President  no  limitations  were  placed  on  his  choice  of  a  subject, 
and  that,  whatever  he  might  choose  to  talk  about,  you  would  as 
in  duty  bound  listen  to  him.  I  also  reflected  that  the  Association 
audience  was  very  indulgent,  and  that  it  was  even  possible  that 
our  excellent  Secretary  before  hearing  a  word  of  the  address 
would  have  found  a  proposer  and  seconder  for  a  motion  that  it 
be  printed  in  the  Proceedings.  I  therefore  plucked  up  heart 
and  determined  to  go  through  the  ordeal. 

The  subject  I  have  chosen,  namely,  **  The  Constitution  and 
Management  of  Scientific  Societies,"  though  not  strictly  geological, 
has  at  any  rate  an  important  bearing  on  the  Science ;  and  as  I 
have  been  serving  on  your  Council  continuously  for  the  last 
fourteen  years  and  on  that  of  another  Society  for  almost  as  long, 
in  both  cases  for  a  considerable  part  of  the  time  as  an  executive 
officer,  it  does  not  seem  to  me  amiss  that  I  should  give  you  some 
notes  on  the  experience  that  I  have  thus  gained. 

I  have  divided  the  subject  into  two  heads,  and  by  Constitu- 
tion I  mean  such  fundamental  things  as  the  name  and  object  of 
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existence  of  a  Society,  the  different  classes  of  members  and  the 
qualifications  for  membership,  the  establishment  and  powers  of 
the  governing  body,  and  the  right  to  make  and  vary  rules  or  bye- 
laws;  by  Management  I  mean  such  ministerial  matters  as  the 
general  conduct  of  the  Society's  affairs,  the  care  of  its  property, 
che  proceedings  at  its  meetings,  the  contributions  of  members,  the 
particular  method  (within  the  constitutional  limits)  of  electing 
both  the  members  and  the  governing  body. 

During  the  last  few  years  there  has  been  much  discussion  and 
criticism,  public  as  well  as  private,  under  both  these  heads  in  many 
societies.  Few,  in  fact,  from  the  Royal  Society  downwards,  have 
escaped,  though  I  believe  we  have  been  more  fortunate  than 
others  in  that  respect.  I  hope  in  the  following  remarks  to  deal 
with  a  few  of  the  points  which  have  been  raised  from  time  to 
time. 

It  is  possible  to  conceive  a  society  in  its  simplest  form  with 
neither  rules  nor  a  governing  body.  A  few  students  or  devotees 
of  a  particular  science  might  agree  to  meet  together  from  time  to 
time  at  each  other's  houses  in  turn,  for  discussion  or  the  exhibition 
of  specimens,  the  host  for  the  day  acting  as  chairman  of  the 
meeting.  There  was  such  a  society  when  I  was  at  Cambridge, 
xind  I  hope  it  still  flourishes,  the  Sedgwick  Club,  composed  of 
undergraduates  who  were  taking  up  geology.  If  it  had  any  rules, 
they  were  only  in  manuscript  and  of  the  simplest  character.  To 
some  such  assemblage,  meeting  from  time  to  time,  we  owe  the 
foundation  of  the  Geological  Society,  now  entering  on  its 
hundredth  year. 

Sooner  or  later,  if  a  society  is  a  growing  one,  the  question  of 
money  is  sure  to  come  in,  and  rules  of  some  sort  become  a 
necessity.  Either  the  members  will  want  to  publish  some  of  the 
papers  that  are  read,  or  as  their  numbers  increase  they  will  find  it 
necessary  to  hire  a  room  for  their  meetings,  to  have  a  salaried 
secretary,  and  perhaps  to  start  a  library  for  the  common  use  of 
the  society.  In  any  such  case  it  will  be  necessary  to  impose  a 
subscription  on  the  members,  a  treasurer  will  have  to  be 
appointed  to  collect  and  receive  those  subscriptions,  and  probably 
a  committee  or  council  will  come  into  existence,  whose 
duty  it  will  be  to  see  that  the  money  is  laid  out  to  the  best 
advantange.  As  the  membership  increases  and  extends  beyond 
the  original  circle,  rules  must  be  framed  for  regulating  the 
admission  of  candidates,  the  times  of  meetings  and  so  on,  and  the 
method  of  election  and  powers  of  the  committee  or  council  must 
be  settled. 

Our  own  Association,  starting  as  it  did  by  the  calling  of  a 
meeting  of  persons  interested  in  the  formation  of  a  society  on  the 
lines  with  which  we  are  all  so  familiar,  many  of  whom  were 
strangers  to  each  other,  had  from  the  first  its  code  of  rules  and 
Committee  of  Management.    The  Rules  may  be  taken  as  a 
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type  of  what  short  and  simple  rules  may  be.  I  do  not 
pretend  that  they  are  perfect,  indeed,  there  is  one  which  is  a 
sore  puzzle  to  those  whose  duty  it  is  to  interpret  it,  namely^ 
the  rule  concerning  the  election  of  the  Council,  which  I  would 
gladly  see  revised.  That,  however,  is  more  or  less  a  matter 
of  drafting,  and  does  not  affect  the  merits  of  the  rules  as  a 
whole.  As  you  know,  our  Rules  (see  pages  i  to  4)  are  only  twenty- 
four  in  number,  and  are  contained  in  four  octavo  pages.  The 
first  four  are  constitutional,  dealing  with  the  name  and  objects 
of  the  Association :  the  classes  of  members  and  their  privileges. 
Then  follow  three  (5  to  7)  dealing  with  the  method  of 
electing  members,  four  (8  to  ii)  with  contributions,  and  one 
(No.  12)  with  the  removal  of  members.  The  next  five  (13. 
to  17)  concern  the  Council  and  Officers,  Committees  and 
Trustees.  No.  18  requires  minutes  to  be  taken,  and  the  various 
kinds  of  meetings  are  dealt  with  in  the  next  three  (19  to  21). 
Honorary  Members  are  defined  in  Rule  22,  and  the  last  two 
(23  and  24)  provide  for  the  publication  and  revision  of  the 
Rules,  the  last  being  essentially  constitutional.  The  rest,  except 
the  first  four  and  to  some  extent  Nos.  13,  17,  20,  and  22,  come 
under  the  head  of  Management. 

I  may  remark  in  passing  that  our  Rules  have  been  very  little 
altered  since  they  were  originally  settled  on  December  17th, 
1858,  nearly  fifty  years  ago.  Such  alterations  as  there  have  beer> 
are  mostly  in  matters  of  detail,  and  it  is  evident  that  the  original 
set  of  Rules  must  have  been  drawn  up  with  considerable  skilL 
Such  a  code,  simple  as  it  is,  contains  all  we  want,  and  I  hope  we 
may  long  continue  to  flourish  under  it. 

Many  societies,  especially  when  they  grow  large,  are  not 
content  with  the  "  simple  life,"  but  proceed  to  the  further  step  of 
becoming  incorporated.  The  advantages  of  such  a  course  are  that 
the  society  instead  of  being  a  mere  collection  of  individuals 
becomes  a  legal  entity  under  its  corporate  name.  It  can  sue 
and  be  sued,  it  can  enter  into  contracts,  sealing  them  with 
its  corporate  seal,  it  can  make  bye-laws,  and  what  is  perhaps 
most  important  it  can,  in  spite  of  the  Mortmain  Acts, 
own  land  within  such  limitations  as  are  laid  down  by  the 
instrument  of  incorporation ;  besides  all  this  there  is  a  certain 
added  importance  and  dignity,  which  in  several  cases  has 
had  a  practical  recognition  at  the  hands  of  the  Government  by 
the  grant  of  public  rooms  in  which  to  hold  the  meetings.  On 
the  other  hand  there  are  disadvantages,  especially  in  the  strict 
limitations  which  the  charter  or  other  instrument  of  incorporation 
places  on  the  scope  and  freedom  of  action  of  the  society. 

There  are,  I  believe,  three  methods  by  which  a  number  of 
individuals  can  be  incorporated.  The  first  and  usual  method  is 
by  Royal  Charter,  the  second  is  by  a  Special  Act  of  Parliament, 
and  the  third  is  by  the  machinery  provided  by  the  Companies 
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Acts,  a  well  understood  process,  founded  on  a  series  of  General 
Acts  of  Parliament.  The  Royal  Institution  is  an  instance  of  a 
society  which  has  a  Special  Act,  which  is,  however,  supplemental 
to  an  earlier  charter,  and  at  least  one  of  the  great  professionaal 
societies  has  taken  advantage  of  the  powers  under  the  Companies 
Acts.  But  by  far  the  krgest  number  of  the  incorporated 
societies  have  obtained  Royal  Charters. 

These  charters  are  all  very  much  alike,  and  are  founded 
more  or  less  on  that  of  the  parent  of  all  English  scientific 
societies,  the  Royal  Society.  They  begin  by  reciting  the  objects 
for  which  the  society  is  formed,  then  follows  the  act  of  incorpora- 
tion under  the  corporate  name  of  the  society  and  certain 
privileges  which  are  thereby  granted,  namely,  the  power  to  own 
personal  property,  and,  within  certain  limits,  real  property,  to  sue 
and  to  be  sued,  and  to  have  a  common  seal.  They  then  deal  with 
the  number  and  different  classes  of  members,  and  provide  for 
the  government  of  the  society  by  a  president  and  council,  and 
regulate  the  method  of  appointing  such  governing  body,  who  are 
made  practically  absolute.  The  method  of  election  of  the 
members  is  then  indicated,  and  power  is  given  to  the  fellows  or 
members  to  make,  alter,  and  repeal  such  bye-laws  as  they 
choose,  provided  they  do  not  contravene  the  provisions  of  the 
charter  or  the  law  of  the  land. 

Within  these  outlines  there  is  some  scope  for  variation,  and 
for  {Provisions  suitable  to  the  requirement  of  particular  societies, 
but  it  must  be  remembered  that  the  charter  when  granted  is 
binding  once  for  all,  and  that  whatever  is  done  must  be  within 
the  four  comers  of  this  sacred  document,  there  being  no  relief 
except  in  obtaining  a  further  charter  supplementary  to  the 
original  one.  For  this  reason  it  behoves  those  entrusted  with 
the  drafting  of  a  charter  to  proceed  with  the  utmost  care,  and  to 
have  clearly  in  their  minds  not  only  exactly  what  the  requirements 
of  the  society  at  present  are,  but  to  foresee  what  their  wants  may 
be  in  the  future ;  for  a  too  strictly  drawn  charter  may  very  easily 
have  the  effect  of  limiting  the  expansion  and  consequent  useful- 
ness of  the  society  bound  by  it  As  an  instance  of  how  the 
working  of  a  charter  may  defeat  the  intentions  of  its  framers,  I 
may  mention  that  soon  after  the  incorporation  of  the  Geological 
Society  it  was  proposed  to  make  a  bye-law,  in  accordance  with  a 
rule  that  had  previously  existed,  limiting  the  term  of  consecutive 
service  in  the  office  of  president  to  two  years.  Doubts  were 
raised,  and  the  opinion  of  the  then  Solicitor-General  was  taken,  and 
he  advised  that  such  a  bye-law  would  be  invalid,  as  the  charter 
gave  absolute  freedom  of  choice  to  the  fellows  to  elect  annually  as 
president  whom  they  would  from  among  those  chosen  for  the 
council,  so  that  if  a  fellow  who  had  served  two  years  in  that  office 
was  again  on  the  council,  no  bye-law  could  be  made  to  prevent  him 
from  being  elected  president  for  a  third  time  without  infringing 
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the  rights  of  the  fellows  as  given  them  in  the  charter.  Here  was  a 
case  where  everybody  knew  what  they  wanted,  but  they  had  tied 
their  hands  and  could  no  longer  give  their  intentions  legal  force, 
but  the  feeling  that  was  then  manifested  has  left  its  mark,  and 
the  unwritten  custom,  strong  as  law,  has  prevailed  unbroken  for 
more  than  eighty  years  from  that  time. 

Some  recent  charters  are  much  more  simple.  As  an 
instance  I  may  mention  that  of  the  Entomological  Society, 
founded  in  1833,  but  not  incorporated  till  1885.  It  merely 
decrees  that  the  thirteen  persons  then  forming  the  council 
should  form  the  first  council  of  the  corporation,  and  that  the 
existing  bye-laws  should  be  the  bye-laws  of  the  corporation,  with 
power  to  make  new  ones  or  alter  or  revoke  them  as  may  be 
necessary.  It  will  be  understood  that  such  a  charter  as  ihis^ 
which  practically  allows  everything  to  be  settled  by  bye  laws, 
leaves  the  society  almost  as  free  as  it  was  before  being 
incorporated. 

As  soon  as  a  society  is  incorporated  it  proceeds  to  frame  bye- 
laws.  If  it  is  not  a  new  society,  these  probably  follow  the  lines  of 
its  previous  code  of  rules,  being  however  much  amplified  to  suit 
the  dignity  of  the  occasion,  so  that  the  bye-laws  of  an  average 
chartered  society  fill  the  pages  of  a  moderate-sized  pam.phlet 
instead  of  the  modest  four  pages  with  which  we  are  content.  These 
bye-laws  are  generally  divided  into  sections,  each  of  which  deals 
with  a  separate  subject,  such  as  the  admission  of  fellows ;  their 
withdrawal  or  removal ;  their  contributions ;  their  privileges ; 
different  classes  (if  any),  such  as  honorary  members,  associates, 
and  the  like ;  the  duties,  powers,  and  method  of  election  of  the 
council  and  officers ;  the  method  of  altering  the  bye-laws ;  the 
various  kinds  of  meetings  to  be  held ;  and  the  reading  and  pub- 
lication of  papers. 

All  these  details  vary  ver}'  much  according  to  the  requirements 
or  objects  of  the  different  societies  concerned.  For  instance 
while  in  such  societies  as  the  Linnean  and  Geological  candidates 
are  elected  by  ballot  on  the  certificate  of  certain  fellows  that  they 
have  the  requisite  qualification,  in  most  of  the  great  professional 
societies  admission  can  only  be  obtained  by  proof  of  qualifica- 
tion through  examination,  or  the  production  of  a  thesis. 

I  have  pointed  out  that  the  older  incorporated  societies  are 
somewhat  restricted  by  their  charters,  but  it  must  not  therefore  be 
supposed  that  unchartered  societies  are  absolutely  free  to  do  as 
they  please,  and  defy  all  law,  like  the  trades  unions  under  the  new 
Act.  They  are  in  fact  governed  by  the  Literary  and  Scientific 
Institutions  Act  of  1854,  of  the  existence  of  which  possibly  not 
many  of  you  are  aware.  This  Act  recites  that  "  it  is  expedient 
that  greater  facilities  should  be  afforded  for  procuring  and 
settling  sites  and  buildings  in  trust  for  institutions  established  for 
the  promotion  of  literature,  science,  or  the  fine  arts,  or  for  the 
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diffusion  of  useful  knowledge,  and  that  other  provision  should  be 
made  for  improving  the  legal  condition  of  such  institutions." 
After  enacting  that  gifts  or  sales  of  land  may  be  made  to  the 
extent  of  not  more  than  one  acre  as  sites  for  literary  or  scientific 
institutions  it  proceeds  to  lay  down  rules  for  the  general  govern- 
ment of  such  institutions.  Among  other  things  it  provides  (i) 
that  in  societies  that  are  not  incorporated,  and  have  no  trustees, 
the  personal  property  shall  vest  in  the  governing  body,  who  may 
be  described  as  the  owners  in  all  legal  proceedings ;  (ii)  that 
societies  not  incorporated  "  may  sue  or  be  sued  in  the  name  of 
the  president,  chairman,  principal  secretary,  or  clerk,  as  shall  be 
determined  by  the  rules  of  the  institution,  and  in  default  of  such 
determination  in  the  name  of  such  person  as  shall  be  appointed 
by  the  governing  body  for  the  occasion : ''  (iii)  that  the 
governing  body  may  at  a  meeting  specially  convened  make 
any  bye-law  for  the  better  governance  of  the  institution,  its  mem- 
bers, or  officers,  and  may  impose  a  reasonable  pecuniary  penalty 
for  the  breach  thereof,  provided  that  no  penalty  shall  be  recover- 
able unless  the  bye-law  shall  have  been  confirmed  by  the  votes  of 
three-fifths  of  the  members  present  at  a  meeting  specially  con- 
vened for  the  purpose;  (iv)  that  members  in  arrear  of  their 
subscriptions  or  who  detain,  injure,  or  destroy  the  property  of  the 
society  may  be  sued;  (v)  that  in  societies  not  having  a  royal 
charter,  if  it  appears  to  the  governing  body  advisable  to  alter, 
extend,  or  abridge  the  purpose  for  which  the  society  was  estab- 
lished or  to  amalgamate  with  some  other  institution,  the  governing 
body  may  submit  a  report  to  their  members,  and  not  less  than 
ten  days  after  may  hold  a  special  meeting  to  consider  it.  To 
enable  this  to  be  carried  into  effect  the  proposition  must  be  agreed 
to  by  the  votes  of  three-fifths  of  the  members  present,  and  it  must 
be  confirmed  by  a  second  special  meeting  by  the  same  majority. 
There  is  a  further  provision  for  an  appeal  to  the  Board  of  Trade 
against  this  decision  on  behalf  of  at  least  two-fifths  of  the  members ; 
(vi)  that  any  society  may  be  dissolved  on  the  determination  of  not 
less  than  three-fifths  of  the  members,  but  that  on  a  dissolution  the 
surplus  property  shall  not  be  distributed  among  the  members,  but 
shall  be  given  to  some  other  institution.  A  member  is  deftned 
as  ''a  person  who  having  been  admitted  according  to  the  rules  and 
regulations  shall  have  paid  a  subscription  or  shall  have  signed  the 
roll  or  list  of  members,  but  in  all  proceedings  under  this  Act  no 
person  shall  be  entitled  to  vote  or  be  counted  as  a  member  whose 
current  subscription  shall  be  in  arrear  at  the  time."  The 
governing  body  is  defined  as  the  "  Council,  directors,  committee, 
or  other  body  to  whom  by  Act  of  Parliament,  charter,  or  the  rules 
and  regulations  of  the  institution,  the  management  of  its  affairs  is 
entrusted,  and  if  no  such  body  shall  have  been  constituted  on  the 
establishment  of  the  institution,  it  shall  be  competent  for  the 
members  to  create  for  itself  a  governing  body  to  act  for  the 
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institution  thenceforth."  The  Act  has  a  general  application  to  all 
institutions  established  for  the  promotion  of  science,  literature,  the 
fine  arts,  for  adult  instruction,  for  the  diffusion  of  useful  know- 
ledge, and  for  the  foundation  or  maintenance  of  libraries, 
museums,  picture-galleries,  and  collections,  except  to  the  Royal 
Institution  or  the  London  Institution.  This  Act  gives  us,  without 
any  charter,  almost  more  than  we  want,  and  with  its  somewhat 
cumbersome  provisions  it  is  no  wonder  that,  except  as  regards  the 
sections  dealing  with  the  holding  of  land,  it  has  become  practi- 
cally a  dead  letter.  If  it  were  strictly  regarded,  supposing  we  wished 
to  add,  say  botany  to  our  objects,  we  should  have  to  make  a  report 
to  that  effect,  have  two  special  meetings  to  carry  it,  and  even 
then  be  subject  to  an  appeal  to  the  Board  of  Trade.  Contrast 
with  that  the  provision  for  winding  up.  Suppose  a  society  to 
consist  of  five  hundred  members.  If  three  hundred  of  them 
decide  to  disband,  the  society  is  disbanded.  There  is  no  mention 
of  a  meeting  to  be  called,  or  notice  to  be  given  to  the  other  two 
hundred,  and  they  apparently  have  no  right  of  appeal.  There  is 
however  a  sensible  provision,  and  one  generally  included  in 
charters  of  societies,  that  the  property  shall  not  be  divided 
among  the  members,  any  surplus  must  be  given  to  some  other 
society,  and  a  few  years  ago  we  had  a  practical  illustration  of  this, 
for  when  the  "Amateur  Scientific  Society"  was  dissolved  they 
very  kindly  handed  over  to  this  Association  their  balance  in  hand, 
which  if  I  remember  right  amounted  to  bct\veen  three  and  four 
pounds. 

Having  dealt  sufficiently  with  the  construction  of  these 
societies  I  will  now  proceed  to  consider  some  of  the  questions 
relating  to  their  constitution  which  as  I  have  already  said  have 
been  under  discussion  during  the  last  few  years,  and  some  of  the 
criticisms  which  have  been  levelled  at  their  management  The 
principal  points  are  the  method  of  electing  the  council  or  what- 
ever other  body  manages  the  affairs  of  the  society,  the  way  in 
which  when  elected  that  body  does  its  work,  the  restrictions 
placed  on  the  general  body  of  members,  the  method  of  voting  on 
questions  concerning  the  society,  the  manner  in  which  papers 
communicated  to  the  society  are  selected  for  publication,  the 
rights  of  different  classes  of  members,  and  the  admissibility  of 
women. 

Let  us  first  discuss  the  council  in  its  various  phases.  As  I 
have  already  said,  it  is  necessary  that  a  society  which  has  grown  to 
a  certain  size  should  have  a  governing  body,  unless  it  is  to  have 
a  general  meeting  every  time  a  gas  bill  has  to  be  paid  or  an  order 
for  printing  given,  and  it  is  also  expedient  that,  within  such  limits 
as  may  be  laid  down,  the  governing  body,  which  we  will  call  the 
council,  should  have  a  free  hand,  accounting  from  time  to  time  to 
the  general  body  of  fellows  or  members  who  appointed  it. 

It  is  usual  in  all  societies  that  the  council  should  give  an 
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account  of  their  stewardship  at  least  once  a  year,  just  as  is  the 
case  with  boards  of  directors  of  trading  companies.  On  such 
an  occasion,  generally  called  the  annual  meeting,  the  council 
make  a  report  (as  our  Council  have  just  done),  and  the  individ- 
uals composing  it  are  re-elected  or  are  replaced  by  others  as  the 
case  may  be,  A  wise  provision  usually  adopted,  and  universally 
so,  I  believe,  in  chartered  societies,  is  that  a  certain  proportion  of 
the  council  should  retire  at  the  end  of  each  year.  It  is  a  curious 
fact  that  in  our  own  Association  there  was  no  such  provision  until 
the  last  revision  of  the  rules  in  1893,  when  the  present  rule  was 
put  in  that  there  should  be  at  least  four  members  on  the  new 
council  who  had  not  served  during  the  past  year.  Before  that 
time  it  was  quite  possible  for  a  member  to  remain  on 
indefinitely  if  as  soon  as  he  became  one  of  the  senior  unofficial 
members  he  was  made  a  vice-president,  and  when  he  had  got 
to  the  top  of  that  list  he  again  joined  the  unofficial  ranks.  It  has 
always  seemed  to  me  a  great  proof  of  the  confidence  reposed 
in  our  Council  that  this  rule  went  so  long  unchallenged  and 
unreformed. 

Having  decided  that  a  certain  proportion  of  the  council 
shall  retire,  two  questions  arise,  namely,  who  shall  they  be  ?,  and 
who  shall  replace  them  ?  The  first  may  be,  and  in  some  cases  is, 
settled  automatically  by  the  rules.  For  instance,  it  may  be  a 
rigid  rule  that,  say,  the  senior  five  members  retire.  This  may 
work  in  a  very  inconvenient  way,  for  one  of  the  five  might  be  the 
most  fitting  man  to  be  president,  or  he  might  be  holding  the 
position  of  treasurer  at  a  critical  financial  time.  It  can  be 
arranged  that  officers  do  not  rank  for  seniority  unless  they  are 
retiring,  but  on  the  whole  it  seems  best  to  leave  the  matter  open 
and  it  will  generally  settle  itself,  subject  to  such  regulations  as  the 
council  may  make  for  its  own  guidance.  The  usual  plan,  in 
default  of  a  fixed  rule,  is  to  take  off  part  for  seniority  and  part  for 
insularity  in  attendance  at  meetings.  The  other  question — 
who  shall  replace  those  who  are  taken  off? — is  a  more  difficult 
one,  as  it  cannot  be  settled  by  any  rules.  The  custom  of  most 
societies  is  for  the  council  to  recommend  to  the  members  both 
who  shall  go  off  and  who  shall  be  elected  in  their  place.  It  is 
expedient  that  this  should  be  done,  or  th^e  would  be  a  danger 
of  chaos  on  the  election  day.  The  members  would  have  nothing 
to  guide  them.  If  there  were  rules  as  to  seniority  they  would 
not  know  who  were  the  seniors,  and  if  everyone  had  to 
write  out  his  own  voting  list  he  would  probably  forget  that  he 
had  to  put  on  so  many  new  members,  and  it  is  quite  possible 
that  no  valid  election  would  be  arrived  at.  The  system  of 
recommendation  by  the  council,  therefore,  is  almost  a  necessity, 
and  in  most  chartered  societies  is  prescribed  in  the  bye-laws. 
Though  nothing  is  said  about  it  in  our  rules  it  is  worth  noting 
that  our  Council  have  from  the  very  first  adopted  that  system, 
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and  for  many  years  made  their  recommendation  part  of  the 
Annual  Report  The  list  proposed  by  the  council  is  with 
very  rare  exceptions  adopted  by  the  members.  This  fact  lays  the 
various  councils  open  to  the  charge,  so  often  made,  that  they  are 
self-elected  bodies,  which  is  in  a  manner  true,  but  only  so  long  as 
no  grave  and  general  dissatisfaction  exists  with  the  council  or 
any  individual  member  of  it  In  such  a  case  it  must  be  possible 
for  the  members  to  combine  and  purge  the  council  of  the 
obnoxious  members,  so  far  as  the  rules  allow,  and  replace  them 
by  carefully-chosen  successors  who  are  pledged  to  a  sound  policy. 
If  the  members  cannot  do  this  when  there  is  real  occasion  for  it  it 
is  clear  that  they  would  be  incapable  of  acting  in  ordinary  cases 
without  the  guidance  of  the  council,  as  I  have  pointed  out 
above.  If  the  dissatisfaction  is  not  sufficiently  general  the 
opposition  to  the  council  will  not  be  so  easily  successful,  as 
there  is  always  a  strong  innate  conservative  feeling  partly  against 
a  change  and  consequent  ill-feeling,  and  partly  in  favour  of 
constituted  authority.  It  is  just  the  same  with  other  bodies,  such 
as  social  clubs  or  trading  companies ;  there  requires  to  be  a  very 
great  deal  of  dissatisfaction  before  extreme  steps  are  taken, 
but  that  boards  are  not  infrequently  upset,  especially  in  the  more 
speculative  class  of  companies,  must  be  well-known,  and  it  has  even 
happened  during  the  last  few  years  to  one  of  our  leading  Railway 
Companies  and  one  of  our  best-known  lines  of  steamers.  It  must  be 
remembered  that  in  the  case  of  companies  the  voting  is  not 
by  individuals  but  by  shares,  so  that  the  difficulty  of  successful 
combination  is  greater,  as  the  members  of  the  board  have  usually 
a  considerable  number  of  shares  amongst  them. 

In  a  system  of  election  such  as  is  prescribed  by  our  own  rules, 
where  the  whole  council  is  thrown  into  the  melting  pot,  the 
chances  of  a  successful  opposition  to  an  individual  member  of  the 
council,  or  of  bringing  in  a  member  not  recommended  by  the 
council,  is  somewhat  remote.  The  late  Professor  Blake  pointed 
this  out  in  a  pamphlet  he  issued  to  the  Fellows  of  the  Geological 
Society,  where  the  method  is  very  similar  to  our  own.  In  this 
pamphlet,  entitled  "  The  Geological  Society  of  London : 
Suggestions  for  Certain  Improvements,  1901,"  he  points  out  that 
"  a  majority  of  voters  cannot  be  sure  of  removing  a  member  of 
council  unless  they  agree  also  as  to  the  person  who  is  to  take  his 
place,  nor  of  electing  a  new  member  unless  they  agree  also  as  to 
the  person  whose  place  he  is  to  take."  The  remedy  he  proposes 
is  to  pass  a  bye-law  limiting  the  number  of  fellows  to  be  removed 
annually  to  five  (the  minimum  under  the  charter).  Such  a  bye-law 
would  however  in  that  Society  be  invalid  as  limiting  the  powers  of 
the  fellows  given  them  by  the  charter,  namely  to  "  remove  one  fifth 
or  »wr^,"  just  as  in  the  case  which  I  have  mentioned  above  regard- 
ing the  proposed  limitation  of  the  Presidential  period  of  service. 
Here  therefore  at  first  sight  the  privileges  reserved  to  fellows  m 
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the  charter  seem  to  operate  to  their  disadvantage,  but  on  the 
other  hand  it  is  quite  competent  to  the  fellows  to  remove  the 
whole  council  and  replace  them  by  others,  when  the  difficulty 
raised  by  Professor  Blake  would  not  arise,  as  all  the  dissentients 
would  have  to  do  would  be  to  strike  out  the  whole  recommended 
list,  and  write  down  another  previously  agreed  on.  This  could 
not  be  done  in  such  a  society  as  the  Zoological,  as  to  which 
Professor  Blake  mistakenly  says  that  it  is  founded  on  a  charter 
similarly  worded  to  that  of  the  Geological  Society,  whereas  their 
charter  lays  down  the  precise  number  to  be  removed  as  five. 
Nor  could  such  a  coup  diktat  take  place  in  the  Linnean  Society, 
where  their  latest  charter  prescribes  that  one  fourth  and  no  more 
shall  be  removed. 

We  know  at  any  rate  that  under  the  ordinary  conditions  it  is 
quite  possible  for  a  section  of  the  members  working  together  to 
cause  the  rejection  of  the  council's  nominee  to  some  office  in 
favour  of  their  own  candidate.  The  circumstances  of  the  election 
of  the  present  able  Secretary  of  the  Zoological  Society  will  be 
fresh  in  most  of  your  memories.  That  was  a  case  in  which  a 
charter  and  bye-laws,  of  quite  ordinary  type,  presented  no  bar  to 
the  successful  running  of  an  opposition  candidate.  You  will 
remember  that  a  somewhat  similar  contest  took  place  last  year  at 
another  society  well  know^n  to  all  of  us.  In  that  case  however 
the  opposition  were  npt  strong  enough  to  defeat  the  council. 

It  is  quite  true,  however,  as  I  have  already  pointed  out,  that 
the  strength  of  the  council,  when  opposed,  lies  in  the  solidity  of 
its  nomination  list.  It  cannot  be  defeated  by  casual  opposition, 
but  only  by  organised  combination,  for  which  there  is  not 
usually  very  much  time.  Two  remedies  have  been  suggested 
and  frequently  urged ;  one  is  a  system  of  counter-nomination 
by  private  members,  and  the  other  is  voting  by  proxy, 
which  latter  is,  of  course,  equally  applicable  to  voting 
at  special  meetings.  The  question  whether  either  or  both  of 
these  systems  can  be  adopted  depends  on  the  charter  (if  any) 
and  the  bye-laws.  So  far  as  I  can  see  there  is  nothing  in  our 
own  rules  against  nomination  of  any  candidates  other  than 
those  nominated  by  the  council.  Indeed,  the  rule  is  singularly 
silent  as  to  the  method  of  election,  all  it  provides  being  that  the 
election  be  by  ballot,  and  that  it  take  place  at  the  Annual 
Meeting.  As  I  have  already  said  there  is  no  provision  even  for 
the  council  nominating,  but  they  have  always  assumed  the 
power,  and  probably  anyone  else  could  do  the  same.  I  doubt 
whether  proxy  voting  would  be  valid  without  a  special  rule  being 
passed,  and  it  certainly  would  not  be  permissible  at  a  Special 
General  Meeting  for  altering  the  rules,  as  it  is  laid  down  that 
"  No  rule  shall  be  altered  except  by  a  majority  of  votes  of  those 
present  at  a  Special  General  Meeting."  Nothing  is  gained  by 
having  nominations  which  may  be  handed  in  at  any  time  up  to 
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the  opening  of  the  ballot.  The  object  of  nomination  is  to  let 
the  members  know  who  are  being  proposed,  and,  therefore, 
if  the  system  is  to  be  of  any  use  at  all  the  nominations 
must  be  received  not  less  than  say  ten  days  or  a  week  before 
the  day  of  ballot.  After  that  no  further  nominations  would 
be  received,  and  at  the  meeting  votes  could  only  be  cast 
for  those  who  had  been  nominated.  Such  a  system,  however 
desirable,  is  not  permissible  under  the  usual  form  of  charter  of 
the  incorporated  Societies,  for  there  is  no  power  to  limit  the 
choice  of  members  when  voting  at  the  Annual  Meeting  to  this  or 
that  set  of  candidates.  They  are  quite  at  liberty  to  vote  for  any 
member  they  please,  and  if  such  a  person  gets  a  majority  of  votes 
he  is  elected  whether  he  was  nominated  or  not.  The  same 
difficulty  arises  with  regard  to  proicy  votes,  because  the  charter 
generally  directs  that  the  fellows  shall  assemble  in  a  certain  place 
and  then  and  there  proceed  to  elect.  This  seems  to  require 
the  actual  presence  of  the  voters,  and  precludes  the  idea  of  proxy 
voting.  It  is,  however,  quite  feasible  to  frame  a  charter  on 
lines  that  will  make  the  nomination  system  or  voting  by  proxy  or 
both  perfectly  valid.  For  instance,  the  Institution  of  Civil 
Engineers  not  long  ago  obtained  a  supplementary  charter  which 
permitted  voting  by  proxy,  and  there  are  other  societies  with  a 
widespread  membership  which  have  adopted  the  same  course: 

One  society,  I  notice,  gives  by  a  bye-law  a  proxy  vote  to  its 
lady-fellows,  ^d  as  they  are  said  to  enjoy  all  the  privileges  of 
fellows  this  is,  presumably,  an  additional  privilege,  and  as  it 
seems  to  be  contrary  to  their  charter  any  votes  given  under  it,  if 
challenged,  would  probably  be  held  to  be  invalid. 

I  have  shown  how  these  two  often  quoted  remedies  of 
nomination  and  proxy  voting  can  be  adopted,  and  I  will  now 
consider  the  question  of  expediency.  As  regards  nomination,  I 
think  it  is  the  best  system  that  can  be  devised.  Everything 
must  be  fair  and  aboveboard,  and  there  can  be  no  question  of 
surprises.  It  is  the  only  way  to  my  mind  in  which  the  rights  of 
the  independent  fellow  to  exercise  a  choice  can  be  secured.  As 
regards  proxy  voting,  on  the  other  hand,  I  think  it  would  work 
out  in  favour  of  the  governing  body.  As  I  have  already  said, 
there  is  always  a  large  inert  body  of  people  ready  to  support  those 
in  authority,  but  they  will  not  always  take  the  trouble  to  come 
from  a  distance  to  register  their  votes.  They  say,  "  Oh !  the 
council  are  sure  to  win,  so  my  vote  won't  make  any  difference, 
and  I  needn't  trouble  to  go  up  to  London  and  vote."  It  is  just 
these  people  who  would  benefit  by  the  adoption  of  the  proxy 
system.  On  the  other  hand  the  dissatisfied  element  are  much 
more  actively  minded — the  mere  fact  that  they  take  the  trouble  to 
be  dissatisfied  proves  it,  and  they  will  marshal  their  forces  and 
bring  up  every  available  man.  They  are  not  likely  to  gain  by  the 
introduction  of  the  proxy  vote.     This  is  seen  constantly  at  the 
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meetings  of  trading  companies,  when  an  adverse  vote  is  often 
at  first  carried  against  the  board,  whereupon  the  chairman  has 
recourse  to  his  proxies  and  wins  an  easy  victory.  It  is  moreover 
always  possible  to  informally  poll  the  society  on  any  particular 
question.  The  late  Professor  Blake  did  this  in  respect  of  the 
Geological  Society  when  he  issued  the  pamphlet  which  I  have 
mentioned.  He  took  the  opinion  of  the  fellows  on  a  variety  of 
subjects,  and  when  his  results  were  laid  before  the  council  they 
received  every  attention  from  that  body. 

I  think  I  have  now  shown  that  the  present  common  system  of 
nomination  by  the  council  and  voting  by  ballot  at  the  meeting 
is  not  so  open  to  objection  as  its  critics  would  have  us  believe, 
though  I  think  that,  when  the  charter  or  rules  allow  it,  a 
system  of  nomination  by  the  council  or  others  in  advance  is 
fairer  to  all  parties  ;  but  before  I  leave  the  subject  I  should  like 
to  say  a  word  as  to  how  the  councils  do  their  duties.  Person- 
ally I  have  only  had  experience  of  two  such  bodies,  but  that 
experience  has  been  a  long  one,  and  I  have  had  many  friends 
who  have  served  on  the  Councils  of  other  societies.  The  conclu- 
sion I  have  come  to  is  that  these  bodies  and  the  individuals  who 
compose  them  have  a  sincere  desire  to  do  their  best  for  their 
society,  and  that  in  this  particular  instance  of  the  nomination  of 
their  successors  they  do  give  very  careful  consideration  to  the 
problem.  I  have  already  indicated  that  the  usual  method  of 
selecting  those  who  are  to  retire  is  by  considering  seniority 
of  service  and  irregularity  of  attendance.  The  decision  as 
to  new  nominations  is  usually  by  ballot,  and  regard  is  had 
to  the  character  of  those  going  off,  so  as  to  keep  up  a  fair 
balance  of  representatives  of  all  parties,  such  as  professionals 
and  amateurs,  or  town  and  country  members.  The  question 
of  bringing  on  new  blood  is  also  considered,  the  Geological 
Society  Council,  for  instance,  having  a  standing  order  that  at 
least  two  of  the  five  to  be  nominated  shall  be  entirely  new  to  the 
council.  The  same  society  has  also  during  the  last  few  years 
issued  notices  inviting  suggestions  for  membership  of  the  new 
council  The  names  sent  in  are  carefully  considered  by  the 
council  in  coming  to  a  decision,  and  this  method  gives  ample 
opportunities  for  the  claims  of  any  fellow  to  be  brought  forward 
which  might  otherwise  be  overlooked.  Unfortunately,  very  few 
fellows  respond  to  the  invitation,  which,  perhaps,  shows  that 
they  are  in  the  main  contented  with  the  council's  selection. 

With  regard  to  the  choice  of  officers  the  practice  varies.  In 
some  societies  the  president  nominates,  probably  after  consulta- 
tion with  others,  and  the  council  accepts  his  nomination  without 
question.  In  our  Association  there  used  to  be  a  prevailing 
notion  that  each  officer  was  supposed  to  find  his  own  successor 
when  he  retired.  Such  an  idea  is  to  my  mind  a  preposterous 
one.     It  lays  a  heavy  burden  on  anyone  taking  office,  and  it 
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binds  the  council  to  take  his  nominee,  who  may  not  be  at  all 
fitted  for  the  post,  but  has  been  suggested  by  the  retiring  officer 
in  desperation,  as  it  were,  to  get  rid  of  his  responsibility.  The 
system  which  has  been  adopted  lately  has  been  to  appoint  a 
small  committee  to  draw  up  a  list  of  suitable  candidates  and  to 
offer  the  post  to  them  in  such  order  as  the  committee  think 
best.  This  seems  to  work  so  well  that  I  hope  it  may  be 
continued.  The  President,  it  is  true,  continues  to  nominate  his 
successor  in  office  but  only  after  taking  the  advice  of  those  who 
arc  in  his  opinion  best  qualified  to  give  it. 

The  management  of  a  society  by  its  council  is,  as  we  have 
seen,  an  absolute  one,  but  the  fellows  or  members  are  not 
wholly  shut  out  from  control  They  have  the  power  to  frame  the 
original  code  of  rules  or  bye-laws,  and  these  cannot  be  altered  or 
repealed  without  their  sanction.  No  doubt,  as  a  rule,  suggested 
alterations  of  bye-laws  originate  with  the  council,  but  unless  the 
code  when  first  framed  had  contained  reasonable  provisions  for 
safeguarding  the  interests  of  private  members,  it  would  have  had 
little  chance  of  being  passed.  As  it  is,  new  bye-laws  can  be,  and 
sometimes  are  proposed  by  private  members  and  there  are  not 
the  same  difficulties  in  their  way  in  voting  at  a  special  general 
meeting  as  there  are  at  the  election  of  the  council.  Amongst 
other  things,  the  bye-laws  generally  provide  for  the  holding  of 
special  general  meetings  on  the  requisition  of  the  council,  or 
some  specified  number  of  private  members,  and  at  such  meetings 
any  matter  can  be  discussed  by  way  of  resolution  or  otherwise  of 
which  due  notice  has  been  given. 

Thus  there  is  an  absolute  right  reserved  to  the  private 
member  of  ventilating  grievances,  of  criticising  the  action  of 
the  council,  or  of  formulating  a  new  constructive  policy;  and 
there  is  the  co-ordinate  right  of  opposing  any  resolution  brought 
forward  by  the  council.  That  such  a  resolution  can  be  success- 
fully opposed,  many  of  us  who  are  fellows  of  the  Geological 
Society  will  remember.  I  refer  to  the  occasion  when  the  Council 
recommended  that  the  Society's  museum  be  transferred  to  the 
Trustees  of  the  British  Museum.  They  had  gone  so  far  as  to 
approach  the  Trustees  on  the  subject,  and  all  the  arrangements 
had  practically  been  made.  A  very  strong  feeling,  however,  was 
expressed  at  the  meeting  against  the  proposal,  and  eventually 
after  a  long  discussion  the  "  previous  question  "  was  moved  and 
carried  by  a  majority  of  about  three  to  one. 

A  further  privilege  of  members  is  to  have  presented  to  them 
annually  a  report  of  the  council  on  the  affairs  of  the  society,  and 
the  rules  generally  provide  that  members  may  freely  comment  on 
the  report,  and  heckle  the  responsible  officers,  but  as  a  rule  no 
resolution  can  be  proposed  other  than  that  of  the  adoption  of  the 
report,  which,  of  course,  in  extreme  cases  may  be  negatived. 

It  will  thus  be  seen  that  in  spite  of  the  absolutism  of  the 
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council,  the  rights  of  private  members  are  by  no  means  neglected. 
They  can,  at  any  rate  theoretically,  control  the  election  of  the 
council  and  officers ;  they  can  make  or  decline  to  make  new 
bye-laws ;  they  can  bring  forward  proposals  at  special  meetings, 
or  they  can  discuss  and  pass,  or  decline  to  pass,  any  proposals 
put  before  them  by  the  council;  and  they  can  at  the  end 
of  the  year  let  the  council  know  exactly  what  they  think  of  them 
on  the  annual  report.  All  this  is  in  addition  to  their  ordinary 
privileges  of  attending  meetings,  proposing  and  electing  new 
members,  using  the  Library  (if  any),  and  receiving  the  Society's 
publications. 

The  question  of  publications  must  next  be  considered,  and  in 
that  respect  I  have  nothing  to  say  about  their  form,  whether  they 
should  be  octavo  or  quarto,  illustrated  or  not,  freely  distributed 
or  paid  for.  All  these  things  are  matters  which  must  be  decided 
by  the  circumstances  and  requirements  of  the  different  societies. 
But  there  remains  a  very  important  question,  namely,  the  method 
of  dealing  with  the  material  submitted  for  publication.  Of  course 
a  society  can,  if  it  chooses  and  has  money  enough,  publish 
anything  that  is  sent  in  for  the  purpose,  but  unless  some  sort  of 
selection  is  made  there  is  the  double  clanger  of  its  publications 
being  extremely  bulky,  and  of  their  reputation  becoming 
impaired  by  the  amount  of  chaff  that  is  found  with  the  grain.  I 
think  it  must  be  conceded  that  there  is  an  inherent  right  in  an 
editor,  or  in  the  committee  that  controls  him,  to  make  some 
selection  of  his  material.  It  is  impossible  to  imagine,  for  instance, 
the  editor  of  a  daily  newspaper  inserting  every  letter  that 
reaches  him,  or  the  editor  of  a  monthly  magazine  publishing 
the  articles  of  every  would-be  contributor.  The  question  resolves 
itself  into  one  as  to  the  method  of  making  the  selection,  and  the 
principles  which  shall  guide  those  responsible. 

Perhaps  the  best  way,  if  you  can  find  the  right  man,  is  to 
entrust  the  editor  with  absolute  discretion,  laying  down  certain 
principles  for  his  guidance.  It  is  not,  however,  easy  to  find  such 
a  man,  or  at  any  rate  to  find  one  who  is  willing  to  undertake  so 
responsible  and  invidious  a  task.  The  council,  therefore, 
usually  undertakes  control,  but  generally  delegates  its  duties  to 
a  committee.  This  system,  which  seems  to  work  well  as  a  rule, 
has  lately  been  adopted  by  the  Geological  Society  in  place  of  the 
old  contrivance  of  a  single  referee  appointed  ad  hoc  by  the 
president.  The  referee  had  to  report  to  the  council,  who 
ballotted  as  to  whether  the  paper  should  be  printed  or  not,  but  if 
the  referee's  report  was  unfavourable  a  second  opinion  was 
always  obtained.  The  system  was  not  a  good  one,  as  the 
council  was  too  large  a  body  to  properly  consider  the  report, 
and  the  burden  of  selecting  referees  was  too  hard  a  one  to  lay  on 
the  president.  Moreover,  the  absolute  secrecy  which  was 
preserved  as  to  the  name  of  the  referee  was  very  apt  to  set  the 
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author  speculating,  and  if  his  paper  was  condemned  he,  as 
likely  as  not,  pitched  on  the  wrong  man,  and  feelings  were  thus 
engendered  without  any  foundation  which  tended  to  undermine 
pre-existing  friendly  relations.  The  new  system  provides  for  a 
standing  committee,  appointed  annually  by  the  council,  but  not 
confined  to  the  members  of  the  council,  and  their  names  are 
published.  Of  course  on  many  papers  they  have  to  get  expert 
advice,  but  the  selection  of  the  experts  is  very  carefully  thought 
out  in  committee,  and  their  reports  receive  much  closer 
attention  than  was  possible  when  they  were  read  before  a  full 
council  The  Zoological  Society  have  a  still  better  plan,  the 
publication  committee  being  elected  by  the  fellows  at  the 
annual  meeting  in  the  same  way  as  the  council,  three  retiring 
every  year. 

Our  own  Association  can  hardly  be  said  to  have  any  system, 
but  then  we  are  not  generally  oppressed  with  a  greater  mass  of 
material  than  we  can  publish,  nor  do  we  demand  that  all 
communications  should  represent  original  work.  As  a  matter  of 
fact  the  Secretaries  and  the  Editor  between  them  are  competent 
to  decide  on  the  value  of  a  paper,  and  it  is  only  in  rare  cases, 
such  as  of  a  technical  paper  by  an  author  whose  competence  to 
write  on  a  special  subject  has  yet  to  be  proved,  that  it  is  found 
necessary  to  call  in  the  aid  of  a  referee. 

As  to  the  principles  which  guide  an  editor,  committee,  or 
referee,  as  the  case  may  be,  these  depend  on  the  practice  and  re- 
quirements of  the  society.  Some  societies  will  only  publish 
original  work,  some  will  only  have  practical  work  as  opposed  to 
theoretical  speculation,  some  encourage  extreme  specialisation, 
others  will  have  nothing  to  do  with  it.  The  great  thing  to  be 
aimed  at  is  consistency,  so  that  whatever  the  guiding  principles 
for  the  time  being  are,  they  should  be  rigidly  adhered  to,  and  no 
points  should  be  stretched  in  favour  of  one  author  that  are  not 
conceded  to  all.  It  may  be  that  the  question  of  cost  enters  in,  and 
the  fact  that  early  in  the  financial  year  an  author  has  been  allowed 
to  be  diffuse  is  sometimes  held  to  be  a  grievance  when  towards  the 
end  of  the  same  year  the  treasurer  puts  his  foot  down  and  another 
author  is  asked  to  condense.  Such  cases,  when  confined  to 
editorial  points  and  not  going  to  the  root  of  the  paper,  are  not  a 
departure  from  principle,  but  are  merely  due  to  a  want  of 
judgment  or  miscalculation  on  the  part  of  those  responsible. 
There  is  one  other  point  I  should  mention,  and  that  is  the  state- 
ment which  appears  on  the  covers  of  the  publications  of  many 
societies  to  the  effect  that  "  authors  alone  are  responsible  for  the 
facts  and  opinions  expressed  in  their  papers."  It  has  been 
represented  that  in  the  face  of  such  an  expression  a  committee 
has  no  right  to  make  any  suggestion  to  an  author  as  to  the 
modification  of  any  opinion  he  may  have  put  forward,  and  that 
they  are  bound  to  publish  anything  an  author  sends  them,  how- 
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ever  heretical  This,  I  need  hardly  say,  is  not  so^  for  all  the 
statement  is  intended  to  convey  is  that  the  reader  must  not  take 
it  that  any  facts  or  opinions  contained  in  the  publication  are 
vouched  for  by  the  publishing  society,  whose  name  might  other- 
wise be  taken  by  many  as  a  guarantee  that  the  facts  were  correct 
and  the  opinions  orthodox.  Any  society,  though  safeguarding 
itself  and  warning  its  readers  in  this  fashion,  is  quite  entitled  to 
further  protect  the  reputation  of  its  published  volumes  for 
accuracy  and  soundness  by  declining  to  publish  at  all  or  only  with 
certain  modifications  any  papers  which  are  likely  to  be  prejudicial 
in  either  of  these  respects. 

As  to  classes  of  members,  these  exist  in  most  of  the  great  pro- 
fessional societies,  such  as  the  Civil  Engineers  and  the  other 
Engineering  Societies,  and  in  the  Medical  Colleges.  We  hear 
from  time  to  time  of  complaints  as  to  the  respective  rights  of  the 
various  classes,  but  I  have  personally  had  no  experience  in  such 
matters,  and  the  questions  are  hardly  of  such  general  application 
as  to  come  within  the  scope  of  my  address  this  evening. 

I  now  come  to  what  is  perhaps  the  most  delicate  part  of  my 
subject,  namely,  the  question  of  the  admission  or  admissibility  of 
women  into  scientific  societies.  I  speak  in  the  alternative 
because  there  are  really  two  questions  ;  one  is  whether  in  certain 
of  the  chartered  societies  women  are  eligible  for  membership,  and 
the  other  is  whether,  even  if  they  are  eligible,  their  admission  is 
desired  by  the  "men  in  possession."  Fortunately  we  are  in  a 
position  to  look  on  this  controversy  without  prejudice,  because 
ladies  have  had  their  share  in  our  membership  from  the  very 
first,  and  their  presence  at  our  meetings  and  excursions  has 
contributed  in  no  small  degree  to  our  success  as  an  Associa- 
tion. But  not  all  societies  are  so  fortunate,  and  for  some 
years  many  of  them  have  been  exercised  either  as  to  how 
they  can  get  them  in,  or  as  to  how  they  can  keep  them  out. 
During  the  last  few  years  there  has  undoubtedly  been  a  remark- 
able change  of  opinion  on  this  question,  and  when  we  find  one  of 
our  oldest  and  most  important  societies,  the  Linnean,  obtaining  a 
new  charter  mainly  for  the  purpose  of  legalising  the  admission  of 
women,  we  can  hardly  doubt  that  another  few  years  will  see  them 
freely  admitted  into  every  society,  subject  of  course  to  the  same 
tests  by  qualification  and  ballot  as  men.  As  to  the  capacity  of 
women  to  study  and  advance  our  own  particular  science  of  geology, 
it  is  difficult  to  see  how  there  can  ever  have  been  a  doubt,  when 
we  remember  that  one  of  the  early  pioneers  was  no  less  a  person 
«than  Mary  Anning,  who  was  something  more  than  a  mere  fossil 
collector,  and  recently  there  has  been  quite  a  wave  of  lady 
geologists,  to  particularise  whom  would  be  invidious,  seeing  that' 
many  of  them  are  members  of  our  own  Association.*    The 

*  For  an  accoont  of  tho  geological  work  of  womoii  to  that  date  tee  the  Prealdeniial 
AddreiB  of  Mr.  H.  B.  Woodward  tar  1894,  Fmc.  G*a,  Assoc,,  vol.  xiU.  p.  163. 
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Geological  Society  has  several  times  given  to  ladies  awards  from 
the  funds  at  its  disposal,  and  has  accepted  and  published 
their  papers.  A  further  advance  was  made  when  they  were  ad- 
mitted as  visitors  to  the  meetings,  a  step  which  some  time  before 
Dr.  Henry  Woodward  had  advocated  in  his  Presidential  Address 
to  that  Society  in  1895.  As  a  natural  consequence,  they  were 
allowed  to  read  their  own  papers  and  reply  to  the  discussions 
raised  on  them. 

With  regard  to  the  question  of  admissibility  of  women,  only 
the  chartered  societies  are  troubled,  for  the  members  of  other 
bodies  have  but  to  meet  and  pass  a  bye-law,  and  the  thing  is 
done.  The  problem  is  however  much  more  intricate  in  the  case 
of  corporations  in  spite  of  the  dictum  ot  Professor  Blake,  in  the 
pamphlet  I  have  previously  quoted,  to  the  effect  that  "  it  is  not 
clear  that  there  is  any  real  question  about  this "  (the  admission 
of  women  as  fellows).  He  points  out  that  there  is  nothing  in 
the  Geological  Society's  charter  about  it,  and  goes  on  to  say 
that  "  it  has  been  supposed  that  the  bye-laws  which  speak  of  a 
candidate  as  'him'  restrict  them  to  the  male  sex."  I  do  not 
know  whether  anyone  seriously  held  this  view ;  but  if  they  did, 
I  venture  to  think  it  quite  untenable.  If  ladies  are  eligible,  either 
by  the  charter  or  bye-laws,  the  use  of  the  word  *  him  '  would  not 
operate  as  a  bar  to  their  election,  nor  would  the  mere  addition 
of  the  word  "  her  "  render  them  eligible  if  they  were  not  othenn'ise 
admissible.  It  is  true  that  nearly  twenty  years  ago,  when  the 
bye-laws  were  under  revision,  an  amendment  was  proposed 
adding  the  words  "  or  her  "  after  "  him,"  and  was  defeated  by  a 
narrow  majority,  but  even  if  it  had  passed  I  do  not  think  it  would 
have  helped  on  the  question,  unless  it  had  been  accompanied 
by  a  bye-law  expressly  declaring  ladies  eligible,  and  then  only  if 
such  a  course  was  compatible  with  the  charter.  Mr.  Monckton  has 
discussed  the  question  from  a  legal  point  of  view  in  a  short  paper 
entitled  "  Women  as  Fellows  of  Scientific  Societies,"  originally 
contributed  to  the  Law  Times  in  1893,  and  afterwards  reprinted 
with  other  papers  for  private  circulation.  This  was  written 
about  the  time  that  the  Royal  Geographical  Society  was  in  a 
difficulty  owing  to  doubts  having  arisen  as  to  the  legality  of  the 
action  of  the  Council  in  electing  certain  ladies  as  fellows. 
Mr.  Monckton  points  out  that  as  a  general  rule  women,  infants,, 
and  aliens  cannot  be  members  of  a  corporation,  but  this  rule  has- 
exceptions,  and  at  least  no  application  to  the  case  of  trading 
corporations.  He  quotes  Grant's  work  "  On  Corporations  "  as 
stating  that  those  that  are  neither  established  for  gain  or  municipal 
purposes,  but  are  strictly  voluntary  associations,  have  a  right  of 
choosing  their  members  at  pleasure,  subject  to  anything  in  the 
charter  to  the  contrary. .  Thus  if  an  existing  society  admitting 
women  as  well  as  men  to  membership  becomes  incorporated, 
those  women  members  being  duly  appointed  fellows  under  the 
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charter  would  it  seems  be  members  of  the  corporation.  Mr. 
Monckton,  however,  expresses  the  opinion  that  if  at  the  time  of 
incorporation  no  woman  was  a  member,  and  that  for  a  great  many 
years  afterwards  no  woman  was  either  proposed  or  elected,  there 
would  be  a  strong  presumption  that  on  the  ground  of  usage 
women  would  not  be  eligible  to  such  a  society.  He  concludes 
by  thinking  that  though  under  such  circumstances  a  new  charter 
would  be  strictly  necessary,  probably  the  needs  of  the  case 
would  be  met  by  a  bye-law  or  a  general  resolution  at  a  special 
general  meeting,  and  tliat  the  courts  would  not  interfere  with  such 
a  decision,  even  though  it  might  not  be  strictly  according  to  law. 

Since  this  was  written  several  societies  have  taken  counsel's 
opinion  on  the  subject,  with  many  and  diverse  results.  Indeed 
one  eminent  lawyer  preludes  his  opinion  with  the  remark  that 
there  is  no  certainty  that  a  different  mind  might  not  view  the 
question  submitted  to  him  in  quite  a  different  way.  However 
that  may  be,  at  least  two  independent  lawyers  made  the  discovery 
that  though  probably  the  difficulty  could  be  got  over  in  the  case 
of  unmarried  women,  the  fact  of  marriage  would  be  fatal  to  their 
claims. 

The  ground  for  this  opinion  is  that  a  married  woman  has  no 
legal  status,  she  is  not  a  person  within  the  usual  phraseology  of 
the  charters,  and  so  she  cannot  be  a  component  part  of  a 
corporation.  To  this  we  may  answer  that  numbers  of  married 
ladies  are  members  of  corporations  in  the  shape  of  trading 
companies.  We  are  left  in  doubt  whether  the  corporate 
capability  of  a  previously  unmarried  lady  who  had  become  a 
fellow  would  be  crushed  out  of  existence  by  her 
subsequent  marriage.  Presumably  her  name  would  be  ex- 
punged from  the  register  automatically,  and  her  composition 
fee  (if  any)  impounded !  It  is  significant  that  in  the  new 
charter  of  the  Linnean  Society  the  words  under  which  ladies 
are  admitted  are  "  such  persons  without  distinction  of  sex,"  nothing 
being  said  as  to  whether  they  are  married  or  unmarried.  The 
Zoological  Society  took  the  bold  course  of  dealing  with  the  ad- 
mission of  ladies  under  a  bye-law,  their  charter  being  of  the 
ordinary  kind,  giving  no  indication  one  way  or  the  other.  I 
believe,  however,  that  they  always  had  lady  fellows,  though  not 
till  recently  with  full  privileges.  There  seems  to  be  now  a 
general  feeling,  both  lay  and  legal  (apart  from  the  married  woman 
question),  that  it  is  not  necessary  to  have  a  new  charter,  but  that 
the  simple  course  adopted  by  the  Zoological  Society  is  suffi- 
cient, namely,  to  pass  a  bye-law  legalising  the  admission  of 
women,  provided  there  is  nothing  in  the  charter  expressly  or 
impliedly  forbidding  it.  At  any  rate,  it  seems  jto  be  agreed  that 
if  this  be  done  and  women  are  elected,  the  courts  will  not  inter- 
fere by  injunction  or  otherwise,  because  no  complaining  fellow 
could  show  such  an  injury  that  the  courts  would  take  cognisance 
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of.  For  it  is  clear  that  if  the  number  of  fellows  of  the  society 
is  by  the  charter  unlimited,  and  no  pecuniary  question  enters  into 
consideration,  the  rights  of  an  individual  fellow  are  not  impaired 
by  the  addition  of  one  or  more  fellows,  whether  they  be  men  or 
whether  they  be  women. 

I  think  I  have  now  said  enough  on  this  somewhat  compli- 
cated question,  and  with  it  I  must  bring  my  address  to  a 
close.  I  am  afraid  you  will  think  that  I  have  not  said  much 
about  management,  but  much  more  about  managers.  If  I  have, 
it  is  because  I  hardly  thought  you  would  care  to  hear  the  small 
details  of  a  council  meeting,  how  many  signatures  are  required  to 
a  cheque,  or  whether  we  should  exchange  publications  with  such 
and  such  a  society.  I  have  tried  to  treat  the  subject  from  a  broad 
point  of  view,  and  have  perhaps  dealt  more  with  societies  in 
general  than  our  own  Association  in  particular.  But  I  should  like 
to  remind  you  again  that  you  have  always  placed  singular 
confidence  in  your  Council,  and  I  think  that  must  be  from  the 
respect  you  naturally  feel  for  the  efforts  of  that  long  .series  of 
honorary  officials  who  have  during  nearly  fifty  years  devoted  their 
time  and  often  their  money  to  conducting  your  affairs.  This 
feeling  of  contentment  does  not,  however,  exist  in  all  societies, 
and  I  shall  be  quite  satisfied  if  any  remarks  of  mine  should  make 
any  persons  who  are  prone  to  discontent  think  a  little  more 
charitably  of  their  councils ;  and  I  would  ask  them  not  to  regard 
a  hitherto  blameless  individual  who  may  be  put  on  the  council 
as  being  thereby  placed  almost  beyond  the  pale,  not  to  look  on 
the  members  of  the  council  as  mere  office-seekers  determined  to 
keep  everyone  else  out,  but  to  try  and  think  of  them  as 
individuals  who  approach  their  work  animated  by  a  feeling  of 
duty  and  with  a  full  sense  of  responsibility,  having  no  other  wish 
or  design  than  to  administer,  without  fear  or  favour,  the  affairs 
of  the  society  with  whose  management  they  are  entrusted. 


ORDINARY  MEETING. 
Friday,    March    ist,    1907. 

R.  S.  Herries,  M.A,,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association  : 

H.  E.  Balch,  Herbert  V.  H.  Everard,  Charles  James  Grist, 
M.A.,  Mrs.  R.  T.  Sambrook. 

A  lecture  was  then  delivered  by  Maurice  Mancel  Allorge, 
L.  hs  Sc,  F.G.S.,  entitled  **  A  Geologist's  Impressions  of  Mexico." 
The  lecturer  gave  a  most  interesting  account  of  his  visit  to 
Mexico  on  the  occasion  of  the  meeting  of  the  International 
Geological  Congress  of  1906.  The  lecture  was  illustrate  by 
a  series  of  lantern  slides. 

The  President,  on  behalf  of  the  Association,  thanked  Mr. 
AUorge  for  his  excellent  lecture. 
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visit  to  the  british  museum  (natural 
history;. 

Saturday,  March  2nd,  1907. 
Director :  Dr.  A.  Smith  Woodward,  F.R.S. 
(^Report  by  The  Director.) 

The  party  of  eighty-nine  members  was  received  by  Dr.  Woodward 
who  pointed  out  some  of  the  latest  additions  to  the  collection  of 
Fossil  Fishes,  and  discoursed  on  certain  groups  which  were  at 
that  time  exciting  interest  and  attracting  attention.  His  observa- 
tions may  be  briefly  summarised  as  follows. 

The  latest  additions  to  the  earliest  known  fish-like  fossils  (the 
so-called  Ostracodermi  or  Ostracophori)  are  well-preserved  speci- 
mens of  DrepanaspiSy  from  the  Lower  Devonian  of  Germany. 
These,  and  other  similar  fossils,  prove  that  many  of  the  supposed 
fragments  of  armour  of  sharks  from  the  Upper  Silurian  and 
Devonian  formations  really  belong  to  the  much  more  primitive 
group  of  Ostracodermi,  Equally  primitive  fish-like  animals,  with 
a  hardened  internal  skeleton,  instead  of  external  armour,  are  re- 
presented by  PalcBospondylus  from  the  Lower  Old  Red  Sandstone 
of  Caithness.  Enlarged  wax-models  of  this  fossil,  ingeniously 
made  by  Prof.  W.  J.  SoUas,  illustrate  its  structure  very  clearly. 

A  newly  arranged  large  collection  of  Upper  Devonian  sharks 
(Cladoselache)  from  Ohio  is  interesting  as  exhibiting  the  internal 
skeleton,  especially  of  the  paired  fins.  Each  fin  is  strengthened 
by  simple  parallel  bars  of  cartilage — an  arrangement  of  which  the 
discovery  was  predicted  when  zoologists  began  to  accept  the 
hypothesis  that  paired  fins  in  fishes  are  the  remnants  of  a  pair  of 
lateral  folds  of  skin.  The  teeth  of  some  early  sharks  are  also 
interesting,  because  they  were  not  shed  when  they  passed  out  of 
use,  but  remained  in  a  fused  mass  in  some  way  outside  the 
mouth.  Thus  were  produced  spirals  of  teeth,  which  reached 
their  greatest  size  and  complication  in  Helicoprion  from  the 
Permo-Carboniferous  of  Russia  and  Japan.  A  plaster  cast  of 
one  of  the  best  specimens  is  exhibited. 

•  The  remarkable  collection  of  Dinichthys  and  other  armour- 
plated  fishes  from  the  Upper  Devonian  of  Ohio  was  made  by 
Dr.  William  Clark,  of  Berea,  and  is  interesting  for  comparison 
with  the  European  Coccosteus-XxV^  fishes.  It  shows  that,  just 
before  the  extinction  of  the  race,  these  armoured  fishes  attained 
immense  size,  some  with  the  dermal  plates  excessively  thickened 
{Dinichthys)y  others  with  these  plates  comparatively  thin  {Titan- 
ichthys).  Dr.  Woodward  still  thinks  that  the  extinct  Coccosteans 
are  related  to  the  Dipnoi  and  to  the  Chimaeroids. 

A  slab  of  Upper  Old  Red  Sandstone  from  Dura  Den,  Fife- 
shire,  is  covered  with  examples  of  Holoptychius  Flemingiy  and 
evidently  represents  a  shoal  of  this  species  suddenly  destroyed 
and  buried.     Most  well-preserved  fossil  fishes  arc  obtained  from 
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definite  thin  layers,  which  appear  to  be  the  result  of  local 
accidents.  Casual  well-preserved  specimens  are  very  rare  in 
all  formations. 

The  fishes  of  the  Coal  Measures  are  usually  found  in  the 
shales  and  ironstones  accompanying  the  coal,  very  rarely  in  the 
coal  itself.  A  few  beautiful  specimens,  actually  imbedded  in  coal 
from  the  Jarrow  Colliery,  Kilkenny,  Ireland,  are  therefore  of 
much  interest.  They  were  presented  to  the  Museum  by 
Mr.  John  Gerrard,  F.G.S. 

The  fossil  fishes  of  the  southern  hemisphere  closely  resemble 
those  of  the  northern  hemisphere,  and  exhibit  a  similar  strati- 
graphical  distribution.  A  typical  AcroUpis^  such  as  might  have 
been  obtained  from  the  English  Coal  Measures,  was  discovered 
oy  Mr.  A.  J.  C  Molyneux  in  the  Sengwe  Coalfield,  Rhodesia, 
and  parts  of  numerous  specimens  are  exhibited  in  a  large  slab  of 
ironstone.  Semionotus^  from  the  Stormberg  Beds  of  South 
Africa,  differs  very  slightly  from  the  species  of  the  same  genus 
found  in  the  Trias  of  Europe  and  North  America. 

The  fish  remains  discovered  by  Mr.  Alfred  N.  Leeds,  F.G.S., 
in  the  Oxford  Clay  of  Peterborough,  form  a  remarkable  collection. 
The  bones  can  be  removed  from  the  matrix  and  be  separately 
studied.  As  they  belong  to  the  same  genera  as  the  complete 
fishes  found  crushed  though  complete  in  the  hard  Lithographic 
Stone  of  the  European  continent,  they  can  be  studied  with  the 
latter  and  practically  complete  our  knowledge  of  the  skeleton  of 
some  of  the  extinct  ganoids.  The  Oxfordian  remains  of  Ltpidotus 
and  Mesturus  are  especially  valuable  in  this  connection.  The 
tail  of  Leedsia  problematical  also  from  the  Oxford  Clay  of  Peter- 
borough, is  the  largest  fish-tail  known,  about  nine  feet  in  span. 
Dr.  Woodward  thinks  that  Leedsia  is  related  to  Hypsocormus. 

The  fish  remains  from  the  English  Chalk  are  usually  frag- 
mentary ;  but,  like  those  of  the  Oxford  Cky,  they  are  important 
as  displaying  the  separate  bones.  Whole  fishes  are  commoner  in 
the  stratified  and  shaly  chalk  of  Kansas,  U.S.A.,  whence  the 
Museum  has  obtained  many  fine  specimens  for  comparison  from 
Mr.  C.  H.  Sternberg.  This  collection  is  continually  being 
extended,  the  latest  addition  being  a  nearly  complete  pair  of 
pectoral  fins  of  Protosphyrana,  These  fins  are  noteworthy  for 
the  manner  in  which  their  constituent  bony  rays  are  arranged  to 
produce  the  maximum  strength  and  flexibility. 

Most  of  the  links  between  the  Cretaceous  and  Tertiary  fishes 
are  still  lacking.  The  sudden  appearance  of  nearly  all  the 
modern  types  of  bony  fishes  in  the  Eocene  formations  is  very 
remarkable. 

At  the  conclusion  of  Dr.  Smith  Woodward's  remarks  the 
President  proposed  that  the  thanks  of  the  Association  be  accorded 
to  him  and  this  was  carried  unanimously. 
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ON  THE  EXISTENCE  OF  THE  ALPINE 
VOLE  {MICROTUS  NIVALIS,  MARTINS)  IN 
BRITAIN  DURING  PLEISTOCENE  TIMES. 

{Read  April  5th,  1907.) 

By  martin  a    C.  HINTON 

[Plate  I. 

IN  the  year  1841,  Martins  and  Bravais  discovered  a  new  species 
of  Vole  living  at  a  great  altitude  on  the  Alps,  which  Martins 
subsequently  described  under  the  name  of  Microtus  nivalis* 
In  1852,  Gerbe  published  an  account  of  a  closely  allied  animal 
from  the  Basses-Alpes  which  he  called  M  leucurus^^  whilst  in 
1853  Wagner  described  yet  another  close  ally  from  the  Eastern 
Alps — M,  petrophilus^X  An  interesting  account  of  M,  nivalis 
and  its  two  allies  is  given  by  Blasius.§  None  of  these  forms  live 
to-day,  so  far  as  is  known,  at  a  smaller  elevation  than  3,000  feet 
above  the  sea.  M.  leucurus  and  M.petrophilus  are  characteristic  of 
the  lower  peaks  of  the  outer  Alpine  regions.  M,  nivalis  inhabits 
the  Central  Alps,  and  from  being  very  rare  at  comparatively  low 
levels  it  becomes  more  and  more  frequent  as  one  ascends,  its 
maximum  abundance  being  reached  at  or  about  the  snow  line. 
But  far  above  this  limit  it  may  be  found  inhabiting  little  pinnacles 
of  rock  temporarily  bared  of  snow  and  scantily  clothed  with  the 
most  stunted  Alpine  vegetation.  In  such  places,  says  Blasius, 
it  lives  not  merely  through  the  short  Alpine  summer  but  through 
a  hard  Alpine  winter  of  nine  or  ten  months  duration,  secure 
under  a  covering  of  snow.  In  1847,  De  Selys  Longchamps|| 
showed  that  this  remarkable  species  also  inhabited  the  Pyrenees. 
It  has  since  been  discovered  by  Dr.  Forsyth  Major  living  on  the 
summit  of  the  Gran  Sasso  dltalia,  in  the  Abruzzi,  at  a  height  of 
2,921  metres,  and  also  in  various  parts  of  the  Apennines. 

It  is  evident  from  the  remarkable  habitat  of  this  species,  or 
rather  group  of  closely  allied  forms,  that  all  facts  relating  to  its 
distribution  in  past  times  must  be  of  considerable  interest  to  the 
geologist.  We  are  indebted  to  Dr.  Forsyth  Major  for  our  earliest 
knowledge  of  M.  nivalis  as  a  Pleistocene  mammal,  for  in  1873  ^^ 
recorded  its  occurrence  in  the  Grotta  di  Levrange  in  Lombardy, 
and  in  the  Grotta  di  Parignana,  near  Pisa.^  He  afterwards 
discovered  its  fossil  remains  in  the  Grotta  di  Verezzi  in  Liguria, 
and  in  the  Grotta  della  Palmaria  in  the  island  of  Palmaria,  near 

*  Martins,  Revue  de  Zool.,  1842,  p.  331 ;  Ann.  d,  Sc.  Nat,t  1843,  xlx,  p.  87. 

t  Gerbe,  Rcxme  de  Zool.,  1852,  p.  260. 

j  Wagner,  Munchener  Gelehrt.  Anzfig.^  1853,  p.  307. 

§  Blasius,  SOugethiere  Deutsehlandt,  1857,  p.  339. 

11  De  Selvs  Longchamps,  Revue  Zool.,  1847,  October. 

ij  Forsyth  Major,  Atti.  del.  Soc.  Ilal.  d.  Sc,  Nat.,  xv,  pp.  375,  37S,  389 

Proc.  Geol.  Assoc,  Vol.  XX,  Part  2, 1907.]  4 
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Spezia.  Since  then  this  species  has  been  detected  on  numerous 
occasions  among  the  fossil  voles  of  the  Continental  Pleistocene 
deposits,  as  for  example,  by  Dr.  Nehring  in  the  caves  of  the 
French  part  of  Switzerland,  and  by  Dr.  Woldrich  in  the  ossiferous 
fissures  at  Zuzlawitz  in  Bohemia  and  in  Moravia. 

Messrs.  Blackmore  and  Alston  in  i874*  described  a  lower 
jaw  of  a  vole  from  the  brickearth  of  Fisherton,  and  gave  a  figure 
of  the  first  lower  molar.  This  they  suggested  might  be 
referable  to  M,  nivalis^  but  they  hesitated  to  make  a 
decided  reference,  as  the  teeth  of  M,  ratiiceps  from  the  same 
deposit  varied  to  such  an  extent  as  to  render  it  possible  that  this 
example  might  be  an  extreme  form  of  the  latter  species.  I  have 
not  seen  the  specimen,  but  judging  from  the  figure  while  the 
pattern  of  the  m.  y  is  somewhat  similar  to  certain  ill-defined  forms 
of  M.  nivalisy  yet  it  is  not  sufficiently  distinctive  to  be  regarded 
by  itself  as  good  evidence  of  the  occurrence  of  this  species  at 
Fisherton. 

In  1882,  Mr.  E.  T.  Newtonf  described  and  figured  a  lower 
jaw  from  the  Upper  Freshwater  Bed  at  West  Runton,  in  which 
the  anterior  loop  of  the  first  lower  molar  is  suggestive  of  some 
o\  the  forms  of  M.  nivalis.  Mr.  Newton  did  not  record  the 
species  as  a  Forest  Bed  form,  regarding  the  evidence  as  too 
meagre,  but  in  any  case  all  possibility  of  such  a  reference  is 
precluded,  since,  as  Dr.  Forsyth  Major  first  pointed  out  to  me 
this  jaw,  in  common  with  the  others  figured  on  PL  xiv  of  Mr. 
Newton's  work,  does  not  belong  to  the  subgenus  Microtus^  the 
;/;.  T  of  which  possesses  five  closed  triangles,  but  to  PitymySy  a 
subgenus  in  which  the  anterior  lower  molar  is  composed  of  a  pos- 
terior loop  followed  by  three  closed  triangles,  which  are  followed 
in  turn  by  an  outer  and  an  inner  triangle  communicating  widely 
with  each  other  and  shut  off  from  the  anterior  loop,  completing 
the  tooth  in  front. 

In  1899,  Mr.  E.  T.  Newton  J  provisionally  referred  certain 
of  the  lower  jaws  from  the  Ightham  Fissure  to  M,  nivalis.  He 
says ;  "  The  front  lower  cheek  tooth  of  this  species  is  not  always 
to  be  clearly  distinguished  from  extreme  forms  of  M,  glareolus  ; 
but  among  the  very  many  examples  of  the  latter  species  which 
have  been  obtained  by  all  the  collectors  from  the  Ightham 
Fissure,  there  are  several  which  have  the  inner  part  of  the 
anterior  prism  well  developed,  so  that  five  inner  and  four  outer 
angles  may  be  counted.  It  seems  highly  probable,  therefore, 
that  these  are  the  remains  of  M,  nivalis,^^  Six  of  the  specimens 
so  referred  to  are  in  the  collection  of  Messrs.  Corner  and 
Kennard,  and  these  I  have  carefully  examined.  Those  which 
belong  to  old  enough  individuals  have  the  teeth  distinctly  rooted, 

*  BUekoiore  and  Alston,  Proc.  Z  tol.  Soc,  1874*  P*  466,  fig.  2^. 

t  Newton,  E.  T.,  ''Vertebrau  of  Forest  Bed."    Mem.  Geol.  Sufv.,  p.  90,  PI.  xiv, 
fig*  7. 

X  E.  T.  Newton,  Quart.  Jonm,  Geol.  Soc,  Iv,  p.  425. 
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and  all  have  the  murine  incisor  root  so  characteristic  of  Evotomys^ 
and  which  is  quite  different  in  Aiicrotus,*  Therefore,  these 
remains  cannot  be  referred  to  M.  nivalis^  but  clearly  belong  to 
Evoiomys  giareoius. 

In  1 90 1,  in  the  report  of  an  excursion  of  this  Association  to 
Grays,t  I  recorded  the  occurrence  of  M.  nivalis  in  the  brick- 
earth  of  that  locality.  This  record  was  based  upon  a  detached 
m,  J,  and  a  further  prolonged  study  of  this  tooth  has  convinced 
me  of  the  accuracy  of  this  determination.  The  specimen  is 
again  referred  to  in  the  sequel,  and  so  far  as  I  know  this  was 
the  first  well-founded  record  of  M,  nivalis  as  a  former  inhabitant 
of  Britain. 

The  difficulty  which  obviously  exists  in  determining  the 
remains  of  this  species,  arises  from  the  fact  that  one,  in  deter- 
mining the  fossil  remains  of  voles,  and  particularly  those  obtained 
from  fluviatile  deposits,  has  to  rely  practically  wholly  on  the 
evidence  afforded  by  the  pattern  of  the  first  lower  and  third 
upper  molars.  Now  the  m.  y  of  some  varieties  of  M.  nivalis  is 
occasionally  very  difficult  to  distinguish  from  the  extreme  forms 
met  with  in  such  species  as  Evotomys  glareolusy  M.  arvalis,  M. 
agrestis  and  M.  gregalis.  With  regard  to  the  m,  *,  its  typical  recent 
form  is  usually  distinctive  enough,  but  unfortunately  this  form 
appears  to  be  very  rare  in  the  British  deposits. 

It  is  necessary  to  here  allude  to  one  or  two  points  connected 
with  the  structure  of  microtine  molars  in  general,  as  they  throw  a 
good  deal  of  light  on  certain  problems  connected  with  the  varia- 
tions in  form  seen  in  the  two  diagnostic  teeth,  viz. :  the  m,  y  and 
the  m.  ?.  It  has  long  been  known  that  the  investing  enamel  sheet 
is  not  of  equal  thickness  throughout ;  that  in  lower  molars  it  is 
thicker  on  the  anterior  walls  of  the  prisms  than  it  is  on  the  pos- 
terior ones,  and  that  the  converse  to  this  holds  good  as  regards 
the  upper  molars.  J  Dr.  Forsyth  Major  has  demonstrated  the 
fact  that  in  well-worn  teeth  the  enamel  sheet  entirely  disappears 
at  one  point  in  the  anterior  loop  of  the  m.  y,  and  also  in  the  pos- 
terior loop  of  the  m.  i.§  Consequently  the  comparatively  soft  den- 
tine here  appears  as  forming  part  of  the  periphery  of  the  tooth,  and, 
being  no  longer  constrained  by  the  enamel,  runs  riot,  and  most 
extensive  variations  of  form  are  the  result.  Practically  all  the 
specific  distinctions  to  be  demonstrated  in  the  dentition  of  the 
subgenus  Microtus  are  drawn  from  the  variable  parts  of  these  two 
teeth,  />.,  their  terminal  loops.  The  fact  that  the  terminal  loops 
vary  so  greatly  throughout  the  subgenus  is  really  not  so  sur- 
prising as  the  equally  well-attested  fact  that  on  the  whole  the  vari- 
ations observed  very  constantly  range  themselves  round  certain 

*  Nehring,  Znti  /.  gn.  Naiurwiss.     Bd.  xlv  (1878),  p.  235. 
f  Hinton,  Proe,  Geol.  Assoc^  xvli,  p.  142. 

t  See  for  example  the  figures  given  by  Dr.  Merriam  in  N,  Am,  Fauna,  No.  2.  PI.  iv,  etc. 
§  Forsyth  Major,  Proc.  Zool.  Soc,  igoa,  vol.  I,  p.  106,  text  fig.  15,  fig.  27,  and  in  many  of 
the  teeth  of  Mimomys  there  figured. 
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pointSy  and  that  these  points  coincide  in  general  with  species,  and, 
in  some  cases,  even  with  varieties  founded  often  on  quite  other 
characters.  Dr.  Rorig  and  Dr.  Borner,  in  a  recent  elaborate 
paper  •  enter  very  exhaustively  into  the  subject  of  the  inequalites 
of  the  enamel  sheet,  evidently  thinking  themselves  the  first 
to  observe  these  features.  They  say  that  the  enamel  becomes  a 
very  thin  continuous  band  in  the  terminal  loops  of  m.  ^  and  «.  \ 
but  this  is  hardly  an  accurate  statement,  for  except  in  very  young 
teeth  careful  examination  will,  as  a  rule,  show  it  to  be  entirely 
absent  as  above  stated. 

Several  authorities,  among  whom  may  be  mentioned  Woldnch, 
and  Rorig  and  Borner,  have  asserted  that  certain  series  of  all  but 
insensible  variations  may  be  traced,  which  lead  from  one  species 
with  a  comparatively  simple  molar  pattern,  through  other  species 
to  a  form  characterized  by  molars  of  a  more  complex  type. 
Although  not  in  a  position  to  discuss  this  question  fully  on  the 
present  occasion,  I  wish  to  briefly  allude  to  it,  as  it  is  of  import- 
ance to  the  palaeontologist.  Woldiich's  researches  were  conducted 
principally  on  a  large  series  of  fossil  jaws  from  the  Moravian 
Caves. t  Inspection  of  his  numerous  figures  will  show  that  not 
only  are  some  of  the  variations  very  discontinuous,  but  that  his 
arrangement  of  the  series  is  quite  an  arbitrary  one  in  many  cases, 
various  alternative  arrangements  being  open  to  us,  so  that  we  may 
proceed  to  any  given  point  in  the  series  by  very  different  routes. 
Rorig  and  Borner  J  on  the  other  hand  have  argued  that  the  dental 
pattern  supposed  by  palaeontologists  to  characterize  M,  gregaiis 
occurs  also  in  the  arvalis  group  of  species  as  an  individual  varia- 
tion. This,  I  venture  to  think,  is  not  a  serious  objection  to  the 
diagnostic  value  of  the  molar  pattern  for  two  reasons ;  firstly, 
because  M,  gregalis  is  precisely  that  recent  species  of  which  we 
possess  the  minimum  of  knowledge ;  and  secondly,  whether  the 
pattern  supposed  to  differentiate  its  w.  yfrom  all  other  s[)ecies  occurs 
in  the  arvalis  group  or  not,  there  can  be  no  doubt  that  the  great 
majority  of  the  arvalis  individuals  possess  a  pattern  peculiar  to 
their  own  group,  and  different  from  the  pattern  of  gregalis.  The 
general  principle  that  in  so  far  as  each  group  of  species  possesses 
a  pattern,  on  the  whole  peculiar  to  itself,  which  is  shared  by  the 
great  majority  of  its  individuals,  such  patterns  are  diagnostic  of 
species  is,  in  my  opinion,  very  difficult  to  assail,  although  at  the 
same  time  it  is  not  always  safe  to  record  a  species  upon  an  isolated 
tooth,  since  the  diagnostic  pattern  may  occur,  though  very  rarely, 
in  abnormal  individuals  of  other  groups. 

The  m,  y  of  M.  nivalis  consists  essentially  of  a  posterior  loop — 
five  more  or  less  completely  closed  triangles  and  an  anterior  loop 
— these  elements   being  common   to   this  tooth  in   the  whole 

*  Rorig  and  B^tnex,  Arb.  a.d.  Kais,  Biol  AnstaU  f.  Land-und  Fonfwirtfuchaft,  1905, 
Band  v,  pp.  37-79. 

t  V^oldfich.  Sitxb.  d.  k.  A  had.  Witn,  Math,  Nat,  CI.,  Bd.  90,  p.  387. 
X  Rorig  and  Borner,  op.  cU.,  pp.  71-78. 
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subgenus  Microtus,  The  posterior  loop  and  the  closed  triangles 
or  prisms  afford  us  no  distinctive  characters  unless  it  be 
that  the  angles  terminating  the  prisms  are  somewhat  sharper 
than  is  usual  in  most  other  species.  In  the  form  called  M, 
peirophilus  there  is  a  tendency  for  the  hind  wall  of  the  prisms, 
and  esp)ecially  those  of  the  outer  side,  to  become  bilobed.* 
The  principal  distinction  must  be  drawn,  however,  from  the  form 
and  composition  of  the  anterior  loop.  If  we  examine  this  part  of 
the  nu  T  of  M,  nivalis  we  find  that  the  outer  and  inner  postt  rior 
walls  of  the  anterior  loop  are  formed  of  thin  enamel,  and  that 
they  correspond  to  the  posterior  walls  of  the  fourth  outer  and  fifth 
inner  prisms  respectively.  From  the  junction  of  the  inner 
posterior  wall  with  the  inner  side  of  the  anterior  loop  we  find  a 
band  of  very  thick  enamel  extending  forwards  to  near  the  antero- 
internal  extremity,  where  it  ends  off  abruptly.  This  we 
immediately  recognise  as  the  anterior  wall  of  the  fifth  inner 
prism  turned  from  the  transverse  position  held  by  its  prede- 
cessors into  a  longitudinal  one.  Similarly  on  the  outer  side  we 
find  a  stretch  of  very  thick  enamel,  the  anterior  wall  of  the  fourth 
outer  prism,  but  which  does  not  extend  so  far  forwards  as  its 
companion  of  the  inner  side,  though,  like  the  latter,  it  ends  off 
quite  abruptly  in  front.  Between  the  abrupt  terminations  of 
these  stretches  of  thick  enamel  there  is  a  broad  arcuate  expanse 
of  dentine,  forming  the  periphery  of  the  triturating  surface,  and 
which  in  the  well-worn  crown  is  entirely  free  from  any  investiture 
of  enamel  (Plate  I,  Figs,  i,  7,  10,  and  18).  Thus  it  is  clear  that 
no  rudiment  of  either  a  sixth  inner  nor  a  fifth  outer  prism  enters 
into  the  composition  of  the  anterior  Joop  of  M,  nivalis.  The  fifth 
inner  and  the  fourth  outer  prisms,  each  considered  as  a  whole,  are 
turned  obliquely  backwards  out  of  the  normal  lateral  position  to  a 
greater  or  less  degree— a  character  which  attains  its  highest  expres- 
sion in  the  typical  M,  nivalis  and  in  M.  imitator^  Bonhote.f 
Sometimes  only  one  of  the  prisms  shows  this  axial  revolution. 
Its  tendency  is  to  increase  the  length  of  margin  formed  by 
dentine  alone.  The  anterior  loop  may  be  completely  closed 
behind  or  pretty  widely  confluent  with  the  fourth  inner  prism. 

Apart  from  its  rooted  condition  the  m.  y  of  Evotomys 
distinguishes  itself  by  the  fact  that  the  fifth  inner  angle  is  usually 
rudimentary,  by  the  more  concentrated  and  confluent  character 
of  the  whole  tooth,  and  also  by  an  interesting  tendency  to 
bilateral  complication  of  the  posterior  loop— a  variation  to  be 
frequently  seen  in  this  remarkable  genus,  but  of  extremely  rare 
occurrence  in  Microtus,  The  possession  of  five  closed  triangles 
by  the  m,  y  of  M,  nivalis  at  once,  of  course,  distinguishes  this 
tooth  from  any  of  the  subgenera,  Pedomys^  Pitymys^  Arvicolay  etc. 

*  Blaalns,  SOugetkiert  DtutschlandSj  p.  360,  fig.  196.  The  figure  shows  this  feature  on 
the  second  inner  prism  of  m.  a. 

t  Bonhote,  Ann.  &  MagrSat.  Hist.,  Ser.  7,  vol.  xv,  pp.  197-199. 
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The  species  from  which  it  is  necessary  to  carefully  distinguish 
nivalis  are  M,  ratticeps^  M,  arvalis,  M,  agrestis^  M.  gregaiisy 
etc.  In  the  m,  y  of  M,  ratticeps  the  fourth  inner  prism  is  widely 
confluent  with  the  anterior  loop ;  the  fourth  outer  is  very  feebly 
developed  and  usually  only  present  in  a  flattened-out  condition 
forming  an  enamel  wall  to  the  anterior  loop.  The  fifth  inner 
shows  no  backward  turning,  and  there  may  be  a  small  sixth  inner 
prism. 

The  m,  y  of  the  typical  M,  arvalis  distinguishes  itself  at  once 
by  the  fact  that  the  fifth  inner  and  fourth  outer  prism  if  not 
shut  off  are  yet  quite  distinct  from  the  anterior  loop,  and  do  not 
help  to  form  it.  There  is  often  a  sixth  inner  and  a  fifth  outer 
prism.  In  some  varieties  the  fifth  inner  tends  to  merge  with  the 
anterior  loop,  but  there  is  no  backward  turning  and  consequently 
the  anterior  loop  is  very  different  in  form  to  that  of  M,  nivalis. 
Sometimes  the  fourth  outer  prism  shows  a  backward  turning,  bui 
this  usually  results  in  more  distinctly  separating  the  prism  from 
the  anterior  loop.  Certainly  nothing  is  seen  either  in  M.  arvalis 
or  in  its  near  ally,  M.  a^restisy  which  ever  approaches  the  typical 
M,  nivalis^  M.  Uucurus^  or  M,  petrophiluSy  and  such  forms  as 
do  come  near  some  of  the  ill-defined  teeth  of  M.  nivalis  show- 
on  examination  either  an  extra  prism  in  front  or  some  difference 
in  form  which  satisfactorily  serves  to  distinguish  them. 

The  group  of  voles  in  which  the  distinction  of  the  w.  y  from 
that  of  M,  nivalis  presents  the  greatest  difficulty  is  undoubtedly 
that  which  may  be  regarded  as  represented  by  M.  gregalis. 
And  here  the  difficulty  is  felt,  not  when  dealing  with  the  typical 
forms,  for  they  are  distinct  enough,  but  when  dealing  with  some 
of  the  ill-defined  teeth  occasionally  met  with,  especially  in  the 
Af.  leucurui  and  to  a  less  degree  in  the  M,  petrophilus  sections  of 
the  M,  nivaiis  group. 

The  typical  w.  y  of  M,  gregalis  distinguishes  itself  from  this 
tooth  in  other  groups  by  some  very  characteristic  features.  The 
third  outer  infold  or  cement  space  is  wide  and  to  a  lateral  view 
quite  open.  The  result  of  this  is  that  its  anterior  wall  passes 
into  the  anterior  loop  without  forming  a  backwardly  projecting 
angle  and  usually  without  forming  a  fourth  outer  angle  at  all. 
The  external  border  of  the  anterior  loop  is  much  elongated  and 
approximately  straight ;  this  is  well  seen  in  the  figures  given  by 
WoldPich,*  Newton, t  and  others.  On  its  inner  side  the 
anterior  loop  develops  one  or  two  angular  projections,  thus 
giving  rise  to  a  fifth  or  even  a  sixth  inner  angle ;  and  this  fifth 
inner  angle  never  shows  the  backward  turning  so  frequently  seen 
in  M,  nivalis.  In  addition,  the  thick  parts  of  the  enamel  are 
usually  appreciably   thinner   than   in   M,    nivalis.      The  long, 

•  Woldflch,  Siizh.  d.  k.  Akad,  W:en,  Math.  Nat.  CL,  Bd.  Ixxxil,  Abt.  II,  Taf.  ii. 
fi«.  12,  Bd.  Ixxxiv,  Abt.  I,  Taf.  ii,  fig.  48. 

t  Newton,  Quart.  Joum,  Gtol,  Soc.,  vol.  1,  PI.  xi,  fig,  zaa. 
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Straight  anterior  loop  is  well  seen  even  in  the  "  arvaloid "  form 
of  Dr.  Woldftch*  where  a  fourth  outer  angle  is  developed.  I 
have  examined  at  one  time  or  another  a  great  number  of  fossil 
jaws  referred  to  the  M,  gregalis  group,  and  as  far  as  my 
experience  goes  the  variation  is  principally  confined  to  the 
development  or  absence  of  a  small  sixth  inner  angle,  the  degree 
of  openness  of  the  third  outer  infold  which  varies  within  quite 
narrow  limits,  and  the  extent  to  which  the  long,  straight  outer 
wall  of  the  anterior  loop  tends  to  become  curved  or  broken  up 
into  small  angular  waves. 

It  is  now  necessary  to  detail  the  evidence  upon  which  my 
determination  of  the  M.  nivalis  group  as  a  constituent  of  the 
British  Pleistocene  fauna  is  based.  The  remains  yielded  by  the 
deposits  of  the  Lower  Thames  Valley  will  be  first  noticed,  and 
afterwards  those  from  other  localities  will  be  dealt  with. 

All  the  nivaloid  remains  so  far  known  from  the  Thames 
deposits  have  been  obtained  from  the  brickearths  of  the  Middle 
Terrace.  There  is  no  trace  of  M.  nivalis  among  the  few  vole 
remains  known  from  the  High  Terrace  deposits,  but  little  or 
nothing  can  be  based  on  this  because  not  only  are  fossiliferous 
sections  in  these  deposits  exceedingly  scarce  but  Dr.  Forsyth 
Majort  has  already  shown  that  a  nivaloid  vole  occurs  in  the  far 
older  Upper  Freshwater  Bed  of  West  Runton,  so  that  we  may 
conclude  that  the  nivalis  group  first  established  itself  in  Britain 
in  late  Pliocene  times. 

Grays  Thurrock. 

As  already  mentioned,  I  recorded  the  occurrence  of  M.  nivalis 
in  the  Grays  brickearth  in  1901.  The  record  rests  on  a  right 
m.  Y  possessing  a  short  anterior  loop  with  a  somewhat  angulated 
antero-internal  extremity,  thus  resembling  the  recent  M.  petro- 
philus  (PI.  I,  fig.  5).  Comparison  with  Dr.  Forsyth  Major's 
figure  will  show  that  the  specimen  stands  about  midway  between 
M.  nivaloides  of  the  West  Runton  deposit  and  M.  peirophilus. 

Crayford  and  Erith. 

The  brickearth  of  Crayford  and  Erith  has  yielded  remains 
referable  to  the  M.  nivalis  group  in  abundance,  associated  with 
such  other  voles  as  M,  ratticeps,  gregalis^  and  at  least  two  members 
of  the  gregalis  group  which  are  new  to  science,  Arvicola  am^hidiuSy 
and  the  Lemmings.  Numerous  examples  are  contained  in  the 
collections  of  Mr.  A.  S.  Kennard,  Mr.  G.  White,  and  myself,  and 
I  daresay  others  occur  in  several  Crayford  collections  which  I 
have  not  yet  examined.  Mr.  White's  specimens  were  obtained 
from  the  great  Crayford  pit,  while  Mr.  Kennard  collected  from 
the  new  pit  to  the  north  of  this.     My  best  thanks  are  due  to  both 

•  WoldHch,  o^.  c»^,  Bd.  Ixzxiv,  Ab.  1«  Taf.  ii.  fig.  47. 

t  Forsyth  Major,  Proc,  ZooL  Sof,,  1902,  vol.  t,  p.  xo6,  text  fig.  13,  fig.  19. 
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these  gentlemen  for  the  kindness  with  which  they  placed  their 
collections  at  my  disposal. 

One  of  the  most  characteristic  examples  I  have  seen  is  a 
right  m,  y  in  Mr.  White's  series  (PL  I,  fig.  6).  The  short  arrow- 
head-shaped  anterior  loop  is  very  similar  to  some  of  the  recent 
examples  from  Italy,  kindly  lent  to  me  by  Dr.  Forsyth  Major 
while  the  slightly  angulated  antero- internal  extremity  of  the  loop 
resembles  what  is  seen  in  M,  petrophilus,  A  left  i».  y  in  Mr, 
White's  collection  affords  a  very  good  illustration  of  another  type 
of  M.  nivaliSy  characterised  by  a  rather  long-pointed  anterior 
loop,  the  fourth  outer  and  fifth  inner  prisms  being  turned  back- 
wards (PL  I,  fig.  7).  This  tooth  is  very  much  like  the  form 
figured  by  Rorig  and  Bomer  {op,  cit.^  fig.  44^.  A  right  m,  y  in 
my  collection  shows  a  somewhat  similar  form,  in  which  the 
anterior  loop  is  very  long,  and  the  thick  enamel  on  the  outer 
side— />.,  the  anterior  wall  of  the  fourth  outer  prism  preserves 
some  of  its  primitive  concavity — a  character  which  allies  the 
specimen  with  a  well-marked  form  or  species  of  the  nivalis  group, 
which  will  be  described  later  on  (PL  I,  fig.  8). 

A  right  w.  Y  in  Mr.  White's  collection  (PL  I,  fig.  9)  shows  a 
M,  /eucuruS'like  form,  the  fourth  outer  prism  not  being  produced 
backwards  into  a  prominent  angle.  A  very  fine  right  m.  y  in 
Mr.  Kennard's  collection  shows  pronounced  backward  revolution 
of  the  fourth  outer  and  fifth  inner  prisms,  and,  moreover, 
admirably  illustrates  the  parts  which  the  thick  enamel  walls  and 
bare  dentine  play  in  the  structure  of  the  anterior  loop  (PL  I, 
fig.  10). 

The  anterior  half  of  a  right  ramus  in  Mr.  White's  collection 
contains  the  m.  y  and  m,  ^  (PL  I,  fig.  11).  The  former  tooth  is 
interesting,  recalling  as  it  does  in  some  respects  the  m.  y  of  the 
Kashmir  species,  M.  imitator^  recently  described  by  Mr. 
Bonhote.  The  m.-^  of  this  specimen  has  the  anteribr  prisms 
confluent  with  each  other. 

An  imperfect  right  ramus  presented  to  the  Museum  of 
Practical  Geology,  by  Mr.  Kennard,  contains  the  w.  y  (PL  I, 
fig.  T2);  the  form  of  the  anterior  loop  approaches  the  Clevedon 
species  to  be  described  later.  It  remains  to  notice  some  speci- 
mens from  Crayford  which  approach  M.  ieucurus  in  form.* 
These  have  a  wide  open  third  outer  infold,  not  unlike  that  of 
M,  ^regalis^  and  the  fourth  inner  prism  is  more  or  less  confluent 
with  the  anterior  loop,  as  in  M,  ratiicepSy  but  the  thick  enamel 
of  the  outer  side,  1.^.,  the  anterior  wall  of  the  fourth  prism  and 
the  structure  of  the  inner  side  of  the  loop,  satisfactorily  dis- 
tinguish these  teeth  from  the  m.  y  of  either  of  the  species  men- 
tioned. I  have  drawn  two  of  these  specimens,  one  belonging  to 
Mr.  White  and  one  to  Mr.  Kennard  (PL  I,  figs.  13  and  14).    One 

•  Cf,  WoldHch,  Sitih,  d.  k,  A  had.  Witn^  Math-nat  Ci,,  Bd.  Ixzziv,  Abt.  1,  Taf.  U, 
fig.  28. 
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(fig.  14)  is  interesting,  as  showing  a  little  thin  enamel  following 
the  thick  stretch  on  the  inner  side,  the  tooth  having  belonged  to 
a  young  individual. 

WlCKHAM. 

In  the  Spurrell  collection  (Museum  of  Practical  Geology, 
No.  5649)  the  anterior  half  of  a  left  ramus  containing  the  m»  ^  is 
preserved.  The  specimen  is  of  very  large  size,  and  I  have  had 
some  difficulty  in  making  up  my  mind  as  to  its  affinities.  The 
form  and  structure  of  the  anterior  loop  probably  indicate  a 
species  of  the  nivalis  group  (PL  I,  fig.  15).  The  enamel  is 
very  thick,  aud  I  believe  the  jaw  to  belong  to  a  form  distinct 
from  any  of  those  hitherto  noticed,  but  which  in  some  respects 
approached  M,  ieucurus  and  in  others  M,  ma/fi— the  new  species 
which  is  described  later  from  the  Clevedon  cave.  I  have  pre- 
ferred, however,  to  wait  for  further  material  before  bestowing  a 
new  name  upon  this  jaw. 

With  regard  to  the  deposits  other  than  those  of  the  Thames 
I  have  so  far  made  a  detailed  search  for  the  Alpine  vole  in 
the  collections  from  two  localities  only,  viz.,  the  Ightham  Fissure 
and  the  cave  near  Clevedon,  in  Somersetshire,  which  has  lately 
been  investigated  by  Dr.  Male,  his  brother,  and  Prof  Reynolds. 
As  regards  the  Ightham  Fissure  there  is,  so  far  as  I  have  yet 
been  able  to  ascertain,  no  evidence  of  the  presence  of  M.  nivalis 
there,  and  this  fact,  as  I  shall  endeavour  to  show  in  the  sequel, 
goes  far  to  prove  the  late  Pleistocene  age  of  that  deposit. 

Clevedon  Cave. 

Dr.  H.  C.  Male  very  generously  presented  me  with  a  small 
series  of  the  numerous  jaws  of  Microtus  which  he  found  Wl  the 
Clevedon  deposit.  After  a  very  careful  examination  of  this 
material  I  came  to  the  conclusion  that  a  large  vole  belonging  to 
the  nivalis  group  was  represented  among  the  cave  fossils.  On  my 
informing  Dr.  Male  of  my  opinion  he  kindly  placed  the  remainder 
of  the  collection  in  my  hands  for  investigation.  Mr.  E.  T. 
Newton  had  previously  examined  this  series,  and  had  sorted  the 
s[)ecimens  out  into  the  M.  rat/iceps,  M.  gregalisy  and  M,  nivalis- 
like  forms,  and  I  should  state  here  that  in  the  shortness  of  the 
time  which  I  had  at  my  disposal  to  devote  to  this  large  series 
Mr.  Newton's  work  was  of  the  greatest  value  to  me,  because  it 
enabled  me  to  go  direct  to  the  points  upon  which  I  required 
evidence.  To  both  Dr.  Male  and  Mr.  Newton  I  would  here 
tender  my  warmest  thanks. 

The  nivaloid  voles  from  Clevedon  may  be  divided  into  two 
series,  viz.,  those  referable  to  existing  members  of  the  group,  and 
those  in  my  opinion  belonging  to  a  distinct  and  hitherto  unknown 
form. 
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(a)  Jaws  indistinguishable  from  recent  forms  of  the 
Af,  nivalis  group. 
The  first  specimen  to  be  noticed  is  the  anterior  portion  of  a 
right  ramus  containing  the  ///.  y  and  m.  ^  and  the  incisor.  The 
pattern  of  the  m.  ^  ( PL  I,  fig.  1 6),  is  very  distinctive  of  M. 
nivaliSy  and  as  regards  the  anterior  loop  is  intermediate  in  form 
between  the  teeth  shown  in  fig.  44^/  and  c  of  Rorig  and  B5mer 
{op,  ciL).  With  regard  to  the  m,  y,  the  second  outer  infold  does 
not  meet  the  enamel  wall  of  the  opposite  side,  but  on  the  other 
hand  more  nearly  does  so  than  is  usual  in  recent  M,  nivalis. 
However,  there  is  a  good  deal  of  variation  among  recent  in- 
dividuals in  this  respect.  Another  very  fragmentary  right  ramus 
containing  the  w.  y  supplies  us  with  similar  evidence.  Unfor- 
tunately, three  of  the  inner  prisms  are  badly  mutilated,  but  the 
anterior  loop  is  intact.  This  (PI  I,  fig.  18),  agrees  perfectly 
with  one  of  the  forms  figured  by  Rorig  and  Borner  (fig.  44,  ^ ,  ^. 
«V.),  and  can  only  be  referred  to  M.  nivalis.  The  presence  of  a 
petrophilusAJkt  form  at  Clevedon  is  shown  by  a  fragment  of  a 
right  ramus  containing  the  m,  ^  and  m.  y,  the  former  with  the 
characteristic  short  anterior  loop  (PI.  I,  fig.  19).  The  M, 
leuatmsAWie  form  which  we  have  already  seen  to  occur  at  Cray- 
ford,  is  also  represented  among  the  Clevedon  forms.  Two  rami, 
a  right  and  a  left,  each  containing  the  w.  y  and  m.  ^,  and  each,  un- 
fortunately, wanting  the  hinder  part,  are  certainly  referable  to  this 
form.  The  m,  ^,  though  differing  in  slight  details  in  each  speci- 
men, exhibits  a  structure  very  similar  to  that  of  the  Crayford 
specimens  (PL  I,  figs.  20-21).  The  m.  ^is  as  in  normal  Microtus^ 
i.e.,  the  second  outer  infold  advances  far  enough  across  the  crown 
to  substantially  shut  off  the  two  anterior  prisms  from  each  other. 
Other  examples  referable  to  one  or  other  of  the  nivaloid  forms  are 
seen  in  figs.  17  and  22. 

(l).  Nivaloid  jaws  not  referable  to  existing  members 
of  the  M.  nivalis  group. 

We  now  have  to  consider  a  series  of  jaws  which,  although 
referable  to  a  large  member  of  the  nivalis  group,  present  certain 
features  which  appear  to  be  sufficiently  distinctive  to  justify  a 
separate  specific  designation.  I  have  made  very  careful  drawings 
of  a  representative  set  of  the  first  lower  molars  of  this  series 
(PL  I,  figs.  23-29).  Inspection  of  these  drawings  will  show  that 
the  m.  y  of  this  form  distinguishes  itself  from  that  of  the  other 
members  of  the  nivalis  group  ;  firstly,  by  the  greater  or  less  de- 
velopment of  the  antero-internal  extremity  of  the  anterior  loop,  so 
as  occasionally  to  form  a  slight  sixth  inner  angulation  ;  secondly, 
the  thick  enamel  of  the  outer  wall  of  the  anterior  loop,  i.e.,  the 
anterior  wall  of  the  fourth  outer  prism  retains  the  concavity  which 
characterises  the  anterior  walls  of  normal  prisms,  and  this  feature, 
of  course,  enhances  the  apparent  projection  of  the  fourth  outer 
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angle.  With  these  modifications  of  structure  the  anterior  loop  of 
the  m.  y  of  the  Clevedon  species  usually  combines  great  breadth. 
For  this  new  form  I  venture  to  propose  the  name  of  M.  malet,  in 
order  to  associate  it  with  the  gentleman  to  whom  I  am  indebted 
for  the  material  enabling  me  to  define  it. 

It  is  of  interest  to  notice  that  ^f,  malei  is  represented  in  the 
deposits  of  tiie  Thames  Basin.  Thus  Dr.  Forsyth  Major  showed 
me  the  ///.  ^  of  a  vole  from  Wickham  in  the  British  Museum 
which  appeared  to  be  indistinguishable  from  the  Clevedon 
species,  while  in  Mr.  White's  collection  from  Crayford  there  is  a 
right  w.  Y  which  only  differs  from  the  Clevedon  specimens  in  the 
somewhat  slighter  depth  of  the  fourth  inner  infold  or  cement 
space  (PL  I,  fig.  29).  Some  of  the  examples  in  Mr.  Kennard's 
collection,  also,  as  already  mentioned,  approach  this  form. 

The  Skull  and  ;//.  ^. 

The  skull  in  the  M,  nivalis  group,  as  is  well  known,  presents 
certain  aberrant  characters  which,  taken  in  conjunction  with  the 
dentition,  strongly  mark  the  group  off  from  the  other  sections  of 
the  subgenus  Microtus,  It  is  therefore  to  be  regretted  that 
hitherto  no  example  from  British  deposits  has  been  preserved. 
This  is  a  desideratum  which  the  caves  and  fissures  of  Somerset- 
shire will  probably  supply. 

With  regard  to  the  m.  ^  this  tooth  in  recent  M,  nivalis  usually 
possesses  a  pattern  of  three  inner  and  three  outer  angles  (PL  I, 
fig.  2a).  I  have  so  far  looked  in  vain  for  a  last  upper  molar  of 
this  type  among  the  British  specimens.  Very  few  maxillary 
teeth  were  preserved  from  the  Clevedon  Cave,  so  that  the 
specimens  before  me  from  that  locality  may  belong  to  some  of 
the  other  species  of  Microius  which  occurred  in  the  cavern. 
Numerous  examples  are  before  me  from  Crayford,  and  of  these 
some,  I  think  must  belong  to  M.  nivalis.  Yet  they  all  differ 
from  the  usual  recent  form  in  having  the  internal  corner  of  the 
posterior  loop  angulated  so  that  there  are  four  inner  angles 
instead  of  three.  The  m,  ^  of  a  young  skull  of  recent  M.  nivalis 
from  Monte  Cimone  in  the  collection  of  Dr.  Forsyth  Major 
possesses  the  rudiment  of  such  a  fourth  inner  angle  (PL  I,  fig.  la), 
and  this  seems  to  suggest  that  the  fourth  inner  angle  is  a  disappear- 
ing structure  in  the  M.  nivalis  group,  since  it  may  have  been 
permanently  developed  in  the  adult  M.  nivalis  of  Pleistocene 
England  but  now^  is  only  met  with  in  the  young  individuals.  In 
the  eastern  part  of  the  range  of  the  group,  i.e.,  in  Kashmir,  a 
nivaloid  vole,  M,  imitator,  Bonhote,  occurs  which  possesses  a  last 
upper  molar  of  still  more  complicated  form  than  that  which  may 
have  characterised  the  m.  ?.  of  our  Pleistocene  races,  since  this 
tooth  has  four  outer  as  well  as  four  inner  angles.* 

*  Bbobote,  Ann,  &  Mag,  Nat,  Hist.  Ser.  7,  vol.  xv,  p,  198. 
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MEASUREMENTS   OF   THE  JAWS   CONTAINING  THE  TEETH 
FIGURED   IN   PLATE    I. 
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(z)  Length  of  diasteroe. 

(a  J  Height  of  ramus  at  fourth  inner  prism  of  m.  j. 

(3)  Length  of  m.  j  (alveolar). 

(4)  Length  of  m.  x  and  m. »  along  alveolar  border,  inner  side. 

The  measurements  are  in  millimetres  and  were  made  with  the  camera  lucida  and 
5  inch  objective. 

Conclusion. 

In  my  opinion  the  evidence  that  has  been  detailed  in  this 
paper  renders  it  practically  certain  that  the  M,  nivalis  group  of 
voles  was  strongly  represented  in  Britain  during  Pleistocene 
times,  and  we  have  therefore  to  consider  what  bearing  this  fact 
has  on  our  ideas  of  Pleistocene  history.  Examining  the  present 
distribution  of  this  group  of  voles,  one  finds  that  all  the  existing 
forms  are  creatures  inhabiting  high  altitudes,  and  that  as  a 
general  rule  we  may  say  that  the  greater  the  altitude  the  more 
abundant  is  M,  nivalis.  It  seems  thus  to  be  a  group  incapable 
of  flourishing  far  from  the  vicinity  of  perpetual  snow,  and  there- 
fore we  may  argue  that  at  the  time  it  so  abundantly  peopled 
certain  localities  of  England  those  neighbourhoods  must  have 
suffered  a  climate  much  more  severe  than  that  obtaining  at  the 
present  day.  Yet  I  believe  that  this  conclusion,  sound  as  it  may 
superficially  look,  is  really  a  false  one,  and  that  we  only  arrive 
at  it  by  reasoning  from  premises  unnaturally  limited.  In  order 
to  obtain  an  accurate  notion  of  the  story  which  this  or  any 
other  group  of  animals  has  to  tell  the  geologist  we  must  take 
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into  consideration  not  only  the  facts  relating  to  the  habits  and 
distribution  of  its  living  members  but  all  the  facts  relating  to 
its  past  history,  and  to  the  histories  of  its  former  and  present 
contemporaries  which  we  may  be  able  to  acquire.  In  other  words, 
the  wider  the  scope  of  our  premises  the  more  accurate  will  our 
deductions  tend  to  become. 

It  is  first  necessary  to  examine,  with  some  care,  the  earliest 
microtine  fauna  of  Britain.  In  the  Norwich  Crag  we  meet 
with  the  earliest  English  voles,  here  represented  only  by  that 
remarkable  genus  Mimomys^  whose  history,  first  outlined  by  Mr. 
Newton  in  i882,*  has  since  been  admirably  investigated  by 
Dr.  Forsyth  Major.f  The  teeth  found  in  the  Norwich  Crag  are 
plainly,  for  the  most  part,  not  contemporary  with  that  deposit, 
but  have  been  derived  from  some  older  bed,  .which,  so  far  as 
our  knowledge  goes,  is  now  totally  destroyed.  The  principal 
species  found  in  the  Norwich  Crag  occurs  also  in  the  Pliocene 
deposits  of  the  Val  d'Arno.  The  voles  of  the  genus  Mimomys^ 
are  characterized  by  rooted  molars,  and  the  w.  y  is  a  tooth  which, 
originally  possessing  three  outer  infolds  or  cement  spaces,  suffers 
a  progressive  atrophy  of  the  third  or  anterior  one.  It  is  a 
general  rule,  that  the  atrophy  of  any  valley  intersecting  a  molar 
tooth  proceeds  by  a  gradual  growing  or  knitting  together  of  its 
enamel  walls,  and  consequently,  as  the  toothy  is  worn  down, 
internal  portions  of  the  valley  or  cement  space  become  isolated 
from  external  portions  and  form  little  detached  enamel  rings  or 
fossettes  on  the  worn  triturating  surface,  which  thus  serve  to 
mark  the  former  extent  of  the  valley.  Continued  wear  finally 
obliterates  these  enamel  rings  and  then  no  trace  of  the  former 
valley  can  be  seen.  In  species  which  stand  near  the  starting 
point  of  the  valley  degeneration  such  internal  enamel  rings  may 
penetrate  the  crown  to  a  great  depth,  and  consequently  they 
will  persist  through  a  very  long  portion  of  the  life  of  the  tooth. 
In  the  Norwich  Crag  species,  M.pliocaniats^  this  is  the  case,  as  is 
shown  by  Dr.  Forsyth  Major. 

Coming  now  to  a  still  later  point  in  Pliocene  time,  that 
marked  by  the  East  Runton  deposit,  we  find  that  Mimamys  still 
alone  represents  the  voles.  Its  m,  y,  however,  has  degenerated 
a  little  further,  for  the  enamel  islet  tends  to  disappear  at  an 
earlier  stage  of  wear,  while,  on  the  other  hand,  the  development 
of  roots  is  a  little  more  tardy. 

In  the  still  later  Upper  Freshwater  Bed  of  West  Runton 
we  meet  with  Mimotnys^  but  now  the  enamel  islet  is  only  found 
in  young  teeth.  Here,  too,  the  genera  Evotomys  and  Microtus 
make  their  first  appearance  in  England.  Two  sub-genera  of 
Microtus  are  represented,  viz.,  true  Microtus  and  Pitymys^  most 
of  the  remains  found  belonging  to  the  latter. 

*  Newton,  **  VertebraU  of  the  Forest  Bed/'  p.  83. 

t  Foraytb  Major,  Ptqc.  Zool,  Soc.  (igoaX  vol.  i,  pp.  ioa-107. 
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Whence  came  these  voles  ?  We  may  infer  from  the  fact  that 
Mimomys  occurs  in  the  Italian  Pliocene  that  it  came  from  the 
south,  and  it  seems  probable  that  the  other  three  sections  had 
their  original  home  in  Central  or  South-Central  Asia,  and  that 
they  spread  eastwards  and  westwards  so  as  in  later  times  to 
acquire  a  more  or  less  circumpolar  distribution,  reaching 
America  by  North-Eastern  Asia,  and  Western  Europe  by  Asia 
Minor  and  Southern  Europe.  Pitymys  is  especially  a  good 
instance  in  support  of  this  claim  for  a  southern  origin,  for  to-day, 
driven  back  from  its  more  northern  outposts,  it  finds  a  refuge  in 
the  home  of  its  immediate  ancestors,  viz.,  in  Southern  Europe. 
Among  the  few  representatives  of  true  Microtus  from  the  West 
Runton  deposits,  we  find  the  earliest  English  member  of  the 
nivalis  group — M,  nivaloides,  Major.  The  nivalis  group  is 
essentially  a  southern  one,  ranging  as  it  does  from  Kashmir  to 
the  Pyrenees,  not  occurring  north  of  the  Alps,  and  although  in 
Pleistocene  times  its  range  extended  as  far  west  as  Somerset- 
shire, it  appears  at  no  time  to  have  gone  farther  north  than 
Norfolk  or  Southern  Germany.  The  point  I  wish  to  make  on 
these  facts  is  that  we  do  not  owe  our  late  Pliocene  or  early 
Pleistocene  microtine  fauna  to  the  Siberian  migration  at  all;  as 
Dr.  Scharff  suggests,*  but  that  they  came  to  England  from 
Southern  Europe  long  prior  to  the  arrival  of  the  Siberian  forms. 

Between  the  deposition  of  the  Forest  Bed  series  and  that  of 
the  High  Terrace  drift  of  the  Thames  an  enormous  interval  of 
time  must  have  elapsed — a  gap  unspanned  by  any  English  mam- 
maliferous  deposit,  unless,  indeed,  certain  of  the  cave  deposits, 
such  as  those  containing  remains  of  Machairodus^  are  to  be  re- 
ferred to  this  age.  The  fauna  of  the  High  Terrace  drift,  so  far  as 
it  is  known,  has  a  good  deal  of  affinity  with  the  Porest  Bed  series. 
The  voles  represented  are  Mimomys^  which  was  detected  some 
years  ago  by  Mr.  White  and  myself, t  and  Evotomys.  The 
Trogontherium  has  been  determmed  by  Mr.  Newton,  and  it  is 
noteworthy,  that  the  Red-deer  which  occurs  is  a  small  form,  being 
accompanied  by  a  large  form  of  Fallow-deer.  This  fauna  I  hope 
shortly  to  fully  describe,  but  it  suffices  to  say  now  that  it  does 
not  show  the  mixture  of  northern  and  southern  forms  so  character- 
istic of  the  later  Pleistocene  deposits,  and  which  has  been  so  hard 
to  explain. 

Of  the  later  Pleistocene  deposits  the  most  important  series  for 
our  purpose  is  undoubtedly  that  formed  by  the  Middle  Terrace 
drift  of  the  Thames,  for  from  no  other  horizon  have  we  obtained 
so  complete  and  varied  a  picture  of  the  Pleistocene  mammalian 
fauna.  And  here  at  last  we  meet  with  evidence  of  the  invasion  of 
England  by  swarms  of  mammals  which  can  only  have  come  from 
Siberia  and  Eastern  Europe.     To  this  invasion  must  be  ascribed 

•  Scharff, "  History  of  the  European  Fauna,'*  p.  aoi. 
t  Hinton  and  White,  ^roc.  GtoU  Assoc^  vol.  zvii,  p.  4x4. 
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the  presence  of  the  Lemmings,  the  numerous  species  of  the  sub- 
genus MicrotuSy  such  as  raiticepSy  arvalis,  agresiis,  and  the  great 
group  of  gregaloid  voles,  the  genera  Cricetus^  SpernwphiluSy  and 
Lagomys  among  the  Rodentia,  and  of  the  barren-ground  Reindeer, 
and  Saiga  Antelope  among  the  Herbivora.  Some  of  the  older 
forms,  such  as  MimomySy  Trogontherium^  and  the  large  Fallow- 
deer  had  at  this  stage  apparently  entirely  disappeared,  but  many 
others,  ^.^.,  the  nivalis  group,  continued  to  flourish. 

This  brief  statement  of  facts  will  suffice  for  the  moment,  and 
it  is  necessary  now  to  examine  the  question  of  the  climatic  con- 
ditions of  Pliocene  and  Pleistocene  England.  The  mammalian 
fauna  of  the  late  Pliocene  deposits,  and  that  of  the  High  Terrace 
deposits  teach  us  that  during  the  periods  which  they  represent  the 
climate  of  Britain  must  have  been  a  genial  one.  It  is  not  until 
late  Pleistocene  times  that  the  mammaliferous  deposits  begin  to 
give  us  contradictory  evidence  on  this  point.  Here,  as  we  have 
seen,  we  first  meet  with  those  northern  and  eastern  forms  in  such 
numbers  as  to  lead  one  to  postulate  cold  conditions  in  order  to 
account  for  their  existence  in  this  country.  At  the  outset  it  must 
be  admitted  that  if  we  have  regard  only  to  the  present  distribution 
of  these  cold-forms,  if,  for  example,  we  take  the  occurrence  of  the 
Arctic  Lemming,  and  recognise  that  to-day  it  is  confined  to  high 
northern  latitudes,  and  that  it  almost  studiously  avoids  even  the 
scanty  shelter  of  the  dwarf  birches,  which  extend  far  beyond  the 
northern  tree  limit  into  the  southern  parts  of  its  distributional 
area,  it  requires  no  strong  effort  of  the  imagination  to  conjure  up 
the  former  existence  in  Britain  of  Arctic  Tundra  and  sub- Arctic 
Steppes.  And  in  Germany  and  Austria,  where  such  evidence  be- 
comes still  more  striking,  we,  in  taking  stock  of  these  facts  only 
from  the  recent  habitat  standpoint,  are  almost  compelled  to  adopt 
such  views  as  those  so  ably  advocated  by  Prof.  Nehring,*  Dr. 
Woldricht  and  others.  But,  unfortunately  for  the  Steppe  and 
Tundra  theory,  so  far  at  least  as  Britain  is  concerned,  there  exists 
a  large  body  of  undeniable  evidence  in  the  other  scale,  and  the 
acceptation  of  the  theory,  moreover,  would  be  in  direct  conflict 
with  what  we  now  know  to  have  been  the  actual  physical  geo- 
graphy of  Britain  in  late  Pleistocene  times. 

Side  by  side  with  these  new  Steppe-forms  there  flourished  in 
the  south  of  England  the  old  group  of  southern  forms.  No  doubt, 
as  to  day,  the  different  mammals  chose  places  suitable  to  their 
different  modes  of  life — those  sp)ecies  which  preferred  the  wood- 
land would  seek  it,  and  those  who  disliked  it  would  inhabit  the 
barer  uplands.  Indeed,  as  I  hope  to  show  on  another  occasion, 
we  have  actual  evidence  of  this  selection  of  localities  in  the 
Thames  deposits.    The  cold,  which  at  first  sight  appears  to  be 

*  Nehring.  Utbw  Tundren  und  Suppen,  Berlio,  1890. 

1  Woldftch.  MUih.  d.  Wwur  AtUhrop,  Gts.,  Bd.  zi.,  p.  183,  and  papers  already 
cited. 
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necessary  to  the  existence  of  the  Arctic  Lemming,  would  render 
the  existence  of  the  Hippopotamus  and  Ape  impossible,  and  yet 
we  know  that  all  three  animals,  and  many  others  having  require- 
ments similar  to  the  one  or  the  other  type,  managed  to  exist  at 
one  and  the  same  time  in  Southern  England.  Temperature,  we 
have  been  often  told,  is  the  principal  factor  governing  the  distribu- 
tion of  mammals,  and  it  may  be  conceded  that  in  some  cases  it 
is  so.  The  assertion  is  certainly  true,  universally,  to  the  extent 
that  an  Arctic  mammal  can  no  more  endure  the  torrid  zone  than 
a  torrid  mammal  a  boreal  clime.  But  at  the  same  time  one  must 
recognise  numerous  other  factors,  as  for  example,  food  supply 
(which  probably  is  the  only  universal  governing  factor),  or  the 
distribution  of  disease.  And  when,  as  in  the  present  case,  we  are 
endeavouring  to  write  the  history  of  a  remote  time  where  the 
evidence  given  by  the  species  which  were  then  living,  qua  tempera- 
ture, is  of  so  contradictory  a  nature,  pointing,  as  it  does,  to  two 
diametrically  opposed  extremes,  surely  the  right  inference  is  that 
the  temperature  cannot  have  been  extreme  at  all,  but  that  the 
winters  must  have  been  mild  to  suit  the  southern  forms,  and  the 
summers  cool  in  order  to  accommodate  the  northern  species.  To 
my  mind,  therefore,  the  real  problem  to  be  solved  is  not  as  to 
what  climatic  conditions  held  sway  in  Britain  during  the  joint 
tenancy  of  the  northern  and  southern  mammalia,  but  the  question 
as  to  what  it  was  that,  at  a  later  time,  drove  some  forms  north- 
wards, others  southwards,  and  still  others  to  the  mountain  tops. 

In  this  paper  we  are  concerned  only  with  the  voles,  but  in 
substance  the  argument  is  applicable  to  the  other  Pleistocene 
mammalia.  Briefly  put  my  contention  amounts  to  this  :  that  in 
order  to  explain  the  differences  in  distribution  which  have  been 
effected  since  Pleistocene  times  it  is  not  necessary  to  invoke  any 
substantial  change  in  climate,  and  that  on  the  other  hand  all 
such  differences  can  be  satisfactorily  accounted  for  by  taking  into 
consideration  the  reaction,  if  I  may  borrow  from  the  chemist,  of 
one  species  or  group  of  species  on  another.  The  most  severe 
competitor  in  the  struggle  for  existence  that  any  given  species  can 
have  is  another  species  of  similar  organisation  performing  a 
similar  function  in  the  economy  of  nature.  This  principle,  not- 
withstanding some  apparent  exceptions,  is  probably  universally 
true.  The  slightest  advantage  tells,  and  the  species  wanting  it  is 
driven  back  step  by  step  to  its  original  home  or  local  centre  of 
dispersion. 

Let  us  apply  this  principle  to  the  voles.  We  have  seen  that 
in  probably  early  Pliocene  times  the  north-west  of  Europe  was 
colonised  by  a  southern  group,  Mimomys^  retaining  some  very 
primitive  features.  This  group  was,  so  far  as  we  know,  the  sole 
representative  of  the  voles  living  here  until  we  arrive  at  the  stage 
represented  by  the  Upper  Freshwater  Bed  of  West  Runton. 
Towards  the  end  of  the  Pliocene  period  new  colonists,  Evotomys^ 
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Piiymys^  represented  by  several  species,  and  Microtus,  including 
the  nivcUis  group,  arrived,  also  coming  from  the  south.  The  date 
at  which  Pitymys  died  out  in  this  country  has  yet  to  be  ascertained. 
Mimomys  and  Evotomys  certainly  managed  to  survive  here  until 
the  time  represented  by  the  High  Terrace  of  the  Thames.  It 
may  also  be  presumed  that  some  of  the  forms  of  true  Microtus^ 
including  the  nivalis  group,  similarly  survived,  for  although  we 
have  not  found  their  remains  in  the  very  few  known  repositories 
of  the  High  Terrace  fauna,  yet  we  know  that  the  nivalis  group  was 
abundantly  represented  in  Britain  at  a  still  later  period,  viz.,  that 
of  the  Middle  Terrace.  Now  until  this  later  stage  is  reached  we 
have  no  evidence  at  all  of  the  existence  of  any  group  of  vole  in 
Britain  other  than  those  mentioned  above.  In  the  Middle 
Terrace  deposits  we  meet  with  the  first  evidence  of  the  arrival  of 
the  Siberian  voles.  As  on  the  Continent  so  here,  they  appear  to 
have  swarmed  in  rapidly.  Instead  of  the  two  or  three  species 
which  at  this  time  remained  to  us  as  the  wreck  of  the  Pliocene 
raicrotine  fauna,  we  received  perhaps  a  dozen  new  forms.  This 
in  itself  must  have  considerably  increased  the  severity  of  the  struggle 
for  existence,  a  struggle  which  had  been  previously  keen  enough, 
for  the  Siberian  forms  on  their  arrival  were  confronted,  apparently, 
only  by  the  nivalis  group,  then  at  its  zenith  in  point  of  range  and 
variety,  and  an  old  and  weak  member  of  the  Evotomys  genus. 

The  outcome  of  this  invasion  was  that  the  new-comers 
completely  supplanted  the  old  southern  forms.  1  his  is 
one  of  my  reasons  for  regarding  the  Ightham  Fissure  deposit  as 
of  late  Pleistocene  age,  for  examining  the  microtine  element  of  its 
fauna  we  find  no  trace  of  either  the  nivalis  group  or 
the  older  form  of  Evotomys.  They  have  entirely  died  out,  and 
in  their  place  we  find  a  rich  assemblage  of  the  later  immigrants. 
But  with  the  extermination  of  the  British  nivalis  group  the 
reaction  of  one  species  on  another  did  not  cease.  Arvicola 
amphibius  alone  did  not  have  to  strive  hard  to  maintain  its 
position,  for  it  had  no  rival  in  function — it  had  taken  the  place  of 
the  long  vanished  Mimomys^  and  there  was  no  other  microtine  to 
dispute  possession.  Of  the  numerous  species  of  true  Microtus 
(of  which  we  have  still  a  very  imperfect  knowledge)  and 
the  Lemmings  which  came  in  with  the  Siberian  migration, 
M.  agrestis  alone  has  managed  to  survive  to  our  days  as  a 
British  resident,  and  Evotomys  glareolus^  so  far  as  England  is 
concerned,  has  completely  ousted  its  northern  rival  E.  rutilus^ 
which  I  believe  to  be  represented  with  it  in  the  Ightham  Fissure. 

Much  the  same  sort  of  history  can  be  read  from  the 
Continental  deposits  with  this  difference,  that  as  we  proceed 
eastwards  and  southwards  the  less  decisive  becomes  the  result  of 
the  struggle.  This  is  what  we  should  expect  since  we  are  pro- 
ceeding towards  the  centres  of  dispersion,  and  so  we  are  really 
overtaking  the  vanquished  forms  in  the  course  of  their  retreat. 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  2,  1907.]  5 
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The  last  and  most  difficult  question  with  which  we  have  to 
deal  is  one  that  may  really  concern  the  origin  of  Alpine  and 
Arctic  faunas.  The  key  to  the  solution  of  the  problem  of  why  the 
nivalis  group  chose  to  inhabit  the  Alpine  peaks  and  should  now 
show  such  an  extraordinary  love  for  the  snow  line  lies,  in  my 
opinion,  in  the  geological  history  of  the  group.  We  have  seen 
how  this  group  spread  westwards  from  its  original  home  in  tlie 
south-east,  reaching  North-western  Europe  in  late  Pliocene  times, 
and  how  it  formerly  extended  northwards  across  the  plains  from 
the  Alps  and  Pyrenees  to  the  southern  and  south-western  shores 
of  the  Pleistocene  Sea  of  Europe.  I  submit  that  it  is  established 
as  a  fact  that  at  the  time  of  this  great  Pleistocene  extension 
of  the  group  the  climate  was  as  mild  as  at  present,  and  probably 
even  more  equable,  owing  to  the  different  distribution  of  land  and 
water  which  then  obtained.  It  follows,  therefore,  that  the  nivalis 
group  is  primarily  one  with  a  temperate  habitat,  and  consequently 
its  present  peculiar  Alpine  habitat  must  be  regarded  as  a  subse- 
quently acquired  attribute. 

We  have  also  seen  that  the  nivalis  group  w-as  exterminated  in 
Britain  and  the  plains  of  Central  Europe  by  the  competition  of 
the  rival  groups  of  voles  which  came  from  the  north  and  east,  and 
that  to-day  the  group  has  made  a  last  stand  in  the  mountains,  where 
for  the  moment  it  appears  to  be  secure  enough.  On  the  lower 
slopes  of  these  mountain  regions  it  might  possibly  hold  its  own 
against  the  newcomers,  and  in  summer  doubtless  the  conditions 
of  existence  would  be  congenial  to  the  species.  But  the  severe 
and  early  frosts  of  the  lower  mountain  slopes  would  hardly  fail  to 
be  detrimental  to  such  a  mammal.  It  would  learn  from 
experience  that  security  from  the  frost  could  only  be  had  from  an 
early  covering  of  snow,  and  consequently  it  would  eventually 
colonise  the  summits  where  the  snow-fall  is  early  and  remains 
unmelted  for  nine  or  ten  months  in  the  year.  This  view  of  the 
case  is,  in  my  opinion,  borne  out  by  a  perusal  of  Blasius's  graphic 
description*  of  the  habits  of  the  species  and  by  examining  its 
known  vertical  range.  Briefly  put,  these  facts  go  to  show  that 
the  protection  from  the  frost  afforded  by  the  snow  is  necessary  to 

*  Blaslus,  Sdugetkiire  Deutschlands,  i8S7*  P*  364.  As  this  book  is  not  one  of  the 
most  accessible  in  England,  it  may  be  as  well  to  quote  the  paragraph.  He  says :  "  Es  i^ 
mir  kein  Beispiel  bekannt,  dass  sle  in  den  Alpen  regelmassig  unter  3,000  Fuss 
Meereshohe  getunden  w&re.  Auch  bei  4,000  Fuss  scheint  sle  in  der  Revel  noch  nicht 
h&ufig  vorzuKommen.  Von  hleraus  aber  findet  man  sie  in  alien  HOhen  bis  su  den 
letzten  Grenzpunkten  der  Vegetation.  In  der  Nfthe  der  Schneegrense  erscheint  sle  am 
hflufigsten.  Aber  sogar  Qber  die  Schneeerenze  geht  sie  hinaus  und  bewohnt  noch  die 
kleinsten  Vegetationsinseln,  die  mit  aen  kQmmerllchsten  Alpenpflanzen  sparlich 
bewachsenen  Bldssen  auf  der  SQdseite  der  hohen  Alpenspltzen,  mitten  zwischen  ewigen 
Schneefeldem,  wo  die  warmen  Sonnenstrahlen  oft  kaum  zwel  bis  drei  Monate  lang  die 
wOchentlich  sich  emeuenden  Schneedecken  Qberwlnden,  und  die  Brde  auf  wenige 
Schritte  hin  irei  legen  kOnnen.  In  dleser  grossartigen  Gebirgseinsamkeit  verlebt  sle  aber 
nicht  bloss  einen  schonen  kurzen  Alpensommer ;  sondem  unter  einer  unverwustllchen 
Schneedecke  begraben  einen  neun  bis  zehn  Monate  langen  harten  Alpenwinter.  Denn 
sie  wandert  nicht,  obwohl  sie  sich  Im  Winter  RGhren  unter  dem  Schnee  anlegt,  um 
PHanzenwurzeln  zu  finden,  wenn  die  gesammelten  Wintervorr&the  nicht  ausreichen. 
Kein  anderes  S&ugethier  begleitet  die  Schneemaus  dauernd  uber  die  Welt  des 
Lebendigen  hinaus  bis  zu  dlesen  luftiiren  starren  Alpenhohen ;  nur  einzeln  folgt  ▼orubet- 
gehend,  als  unerbittlicher  Feind,  ein  Wiesel  oder  Hermelin  ihren  Spuren.** 
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the  prosperity  of  the  species  in  its  present  elevated  home.  The 
conclusion  I  would  draw,  therefore,  is  a  paradox,  viz,  that 
M.  nivalis  seeks  the  eternal  snows  for  warmth,  and  the  principle 
which  has  been  urged  here  will,  I  believe,  be  found  to  apply  to  a 
great  number  of  other  mammals  which  ta<lay  are  confined  to 
Arctic  and  /Alpine  regions,  but  which,  nevertheless,  had  formerly 
a  wide  range  throughout  temperate  Europe,  and  that  it  applies  to 
many  members  of  the  Alpine  and  Arctic  flora  has  been  often 
demonstrated.* 

The  laws  which  I  have  endeavoured  to  illustrate'  in  these 
conclusions  have,  of  course,  long  been  known,  but  curiously 
they  have  often  been  overlooked  when  dealing  with  the  fossil 
mammalia.  A  more  general  recognition  of  such  principles  will 
lead,  in  my  humble  opinion,  to  the  adoption  of  far  sounder  and 
safer  views  with  regard  to  Pleistocene  history  than  many  of  those 
put  forward  in  the  past,  will  do  away  with  the  necessity  of 
invoking  vast  changes  in  climate  to  account  for  the  differences 
existing  between  the  past  and  present  distribution  of  animals  and 
plants,  and  may,  moreover,  have  a  not  unimportant  bearing  on 
that  nightmare— the  extreme  Glacial  theory. 

In  conclusion,  I  have  to  express  my  best  thanks  to  Dr.  C.  I. 
Forsyth  Major,  F.Z.S.,  for  the  very  generous  way  in  which  he 
helped  me  through  my  difficulties,  to  Dr.  C  W.  Andrews,  F.R.S., 
Dr.  Frank  Comer,  F.G.S.,  Dr.  F.  L.  Kitchen,  F.G.S.,  Professor 
S.  H.  Reynolds,  M.A.,  F.G.S.,  and  Mr.  B.  B.  Woodward,  F.G.S., 
for  many  acts  of  kindness.  Lastly,  I  wish  to  thank  Mr.  £.  T. 
Newton,  F.R.S.,  for  the  kindness  which  I  have  so  often  ex- 
perienced from  him.  To  him  we  are  all  indebted  as  the  pioneer 
of  this  branch  of  palaeontology  in  this  country,  and  to  his  efforts 
we  owe,  primarily,  the  preservation  of  the  material  necessary  to 
these  researches. 

P.S. — Since  correcting  the  proofs  of  this  paper  I  have  had 
an  opportunity  of  glancing  through  Dr.  Scharff's  new  book, 
"  European  Animals."  Dr.  Scharff,  1  think,  comes  to  much  the 
same  conclusion  as  I  do,  viz.,  that  the  Alpine  habitat  is  a 
secondary  one,  and  I  would  refer  the  reader  to  pp.  54  and  56, 
and  Chapters  vii,  viii  and  ix. 

EXPLANATION   OF  PLATE  I. 

In  the  figures  the  black  line  represents  the  enamel  as  seen  on  the  triturat- 
ing surface  of  the  molar  crown,  the  broken  or  thin  line  in  the  anterior  loop 
represents  the  region  where  the  enamel  is  absent,  and  the  shaded  areas  show 
the  extent  of  the  cement  in  the  valleys  of  the  tooth.  The  drawings  are  en- 
brged  to  nearly  12  diameters,  and  were  made  with  an  Abbe  Camera-lucida. 

Fig.  I. — Mkrotus  nwaJi^  (recent),  Monte  Cimone,  Modenese  Apennines.  An- 
terior mandibular  molars,  left  side;  I  a.,  m.2  left  side.  (In  col- 
lection o(  Dr.  Forsyth  Major.) 

•  Scharft,  **  History  of  European  Fauna,"  pp.  78,  79,  161-164,  and 
Bulman,  Natural  ScUnct,  vol.  ili,  1893. 
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Fig.  2. — Af,  nwaHs  (recent),  summit  of  Monte  Cimone,  m.y  left  side  ;  3  a,  m.  ^ 

right  side.    (In  collection  of  Dr.  Forsyth  Major.) 
Fig.  3. — 3i.  nivalis  (recent),  Monte  Vccchio.    Apennines  of  Reggio— Emilia 

left  m.  X    (In  collection  of  Dr.  Forsyth  Major.) 
Fig.  4« — ii.  nivalis  (recent  f  ),  Boscolungo,  Pistojese  Apennines,  left  m.  x- 

(In  collection  of  Dr.  Forsyth  Major.) 
Fig,  5. — Af.  nivalis,  Pleistocene,  Gray's  Thurrock,  right  m.^. 
Fig.  6. — Af.  nivolis.  Pleistocene,  Crayford,  right  m.j.    (In  collection  of  Mr.  G. 

White.) 
Fig.  7. — Af.  nivalis^  Pleistocene,  Crayford,  left  m.  i,    (In  collection  of  Mr.  G. 

White.) 
Fig.  8. — Af.  nivalis f  Pleistocene,  Crajrford,  right  m.  j. 
Fig.  9. — Af.  nivalis  J  Pleistocene,  Crayford,  right  m.  j.    (In  collection  of  Mr.  G. 

White.) 
Fig.  10. — Af,  nivalis.  Pleistocene,  Crayford,  right  m.-i-     (In  collection  of  Mr. 

A.  S.  Kennard.) 
Fig.  II. — Af.  nivalis.  Pleistocene,  Crayford.    The  anterior  molars  of  an  im- 
perfect right  ramus  in  the  collection  of  Mr.  G.  White. 
Fig.  13. — M.  nivalis.   Pleistocene,   Crayford.     The  m.^  of  a  right  ramus. 

(Kennard  collection.  Museum  of  Practical  Geology,  No.  6018.) 
Fig.  13. — Af.  nivalis.  Pleistocene,  Crayford,  right  m.^.     (In  collection  of  Mr. 

A.  S.  Kennard.) 
Fig.  14.—  Af.  nivalis.  Pleistocene,  Crayford.    The  m.  y  of  an  imperfect  right 

ramus  in  collection  of  Mr.  G.  White. 
Fig.  15. — MicTotus,  a  species  of  the  nivalis  group.      Pleistocene,  Wickham. 

The  m.  ^  of  an  imperfect  right  ramus.*  'Spurrell  collection,  Museum 

of  Practical  Geology  (No.  5649.) 
Fig.  16. — Af.  nivalis,  Clevedon  Cave.    The  m.y  of  an  imperfect  right  ramus 

in  collection  of  Dr.  H.  C  Male. 
Fig.  17. — Af.  nivalis,  Clevedon  Cave.    The  m.  1  of  a  right  ramus  in  collection 

of  Dr.  Male  f 
Fig.  18. — M.  nivalis,  Clevedon  Cave.    The  m.  x  of  a  right  ramus  in  collection 

of  Dr.  Male, 
Fig.  19. — Af,  nivalis,  Clevedon  Cave.    The  m.  x  of  a  right  ramus  in  collection 

of  Dr.  Male. 
Fig.  20. — Af.  nivalis,  Clevedon  Cave.    The  m.  x  of  a  right  ramus  in  collection 

of  Dr.  Male. 
Fig:  2i.—Af.  nivalis,  Clevedon  Cave.     The  m.  x  of  a  left  ramus  in  collection 

of  Dr.  Male. 
Fig.  22.— A/;  nivalis,  Clevedon  Cave.     The  m.  x  of  a  right  ramus  in  collection 

of  Dr.  Male. 
Fig.  2i.—Aficrotus,  a  species  of  the  nivalis  group,  Clevedon  Cave.     The  m.  x 

of  an  imperfect  left  ramus  in  collection  of  Dr.  Male. 
Fig.  i^.—Af.  malei,  n  sp.,  Clevedon  Cave.     The  m.  t  of  a  right  ramus  collected 

by  Dr.  Male.  ^ 

Fig'35.— M  maUi,  Clevedon  Cave.    The  m-x  of  a  left  ramus  collected  bv 

Dr.  Male.  ' 

Fig.  26.— iJ/.  malei,  Clevedon  Cave.     The  m.^  of  a  left  ramus  collected  by 

Dr.  Male. 
Fig.  27.— A/:  malei,  Clevedon  Cave.    The  «.  x  of  a  right  ramus  in  collection 

of  Dr.  Male. 
Fig.  2^.'—Aficrotus,  sp.,  Clevedon  Cave     The  »f .  x  of  a  left  ramus  in  collection 

of  Dr.  Male.     Inserted  in  the  Plate  by  an  error. 
Fig.  29.— i^.  malei  (?),  Pleistocene,  Crayford.     Right  m.  x  in  collection  of  Mr. 

G.  White. 


too  fii?forwar^*°*°'^^  °^  '^®  ^''^^  *****  ^'  ^^  anterior  loop  is  shown  as  extending  a  little 
t  The  fourth  outer  angle  is  made  a  UtUe  too  sharp. 
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I.     INTRODUCTION. 

THOUGH  the  Bristol  district  is  one  in  which  igneous  rocks  play 
a  very  subordinate  part,  several  very  interesting  types  are 
met  with,  belonging  to  two  distinct  geological  periods,  the  Car- 
boniferous and  the  Silurian.  The  rocks  occur  in  three  widely 
separated  parts  of  the  district,  and  it  is  a  noteworthy  fact  that  in 
each  case  after  it  had  long  been  thought  that  the  rocks  were 
intrusive,  further  research  has  proved  their  contemporaneous 
character. 

As  this  paper  is  merely  a  brief  resum^  of  already-published 
observations  by  various  authors,  it  has  been  thought  unnecessary 
to  give  full  references,  or  to  quote  as  a  rule  the  authorities  for  the 
statements  made. 

II.     THE  SILURIAN  ROCKS. 

A  special  interest  is  attached  to  the  Silurian  rocks  of  the 
Bristol  district,  from  the  fact  that  they  are  the  only  ones  of  that  age 
in  Great  Britain  which  are  known  to  include  contemporaneous 
volcanic  rocks.  They  occur  in  two  regions — ^the  Tortworth  dis- 
trict, in  Gloucestershire,  and  the  Eastern  Mendip  district,  in 
Somersetshire. 

I.  The  Tortworth  District*. 

The  Silurian  rocks  come  on  below  the  Old  Red  Sandstone 
round  the  northern  margin  of  the  Bristol  Coalfield,  and  extend  on 
to  the  Severn  at  Titers  Point  (Purton  passage).  It  is  only,  how- 
ever, in  the  southern  part  of  the  area  that  the  Llandovery  and 

*  An  aecoont  of  the  igneoos  rocks  of  this  District  by  Prof.  Lloyd  Morgan  and  the 
aathor  has  been  pabliahed  in  the  Quarterly  Journal  of  the  Geological  Society  (VoL  Ivll, 
X90X,  pp.  a«7-«84). 
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associated  igneous  rocks  occur.  The  latter  form  two  bands, 
which  can  be  traced  more  or  less  continuously  in  a  north-westerly 
direction  from  Charfield  Green  to  the  neighbourhood  of  Woodford 
Green.  Here,  however,  they  disappear,  and  though  bhe  Llan- 
dovery rocks  can  be  followed  round  the  margin  of  the  Coalfield 
for  a  further  distance  of  about  three  miles  no  trace  of  igneous 
rocks  has  been  met  with.  Each  igneous  band  consists  of  a  thick 
mass  of  trap  or  lava  of  an  andesitic  or  basaltic  character  and  of  a 
thm  overlying  band  of  calcareous  tuflF.  The  lava,  which  is  often 
highly  amygdaloidal,  is  exposed  at  many  points ;  the  upper  band 
has  been  quarried  at  Charfield  Green  (CuUimore's  quarry)  and 
Avening  Green,  and  the  lower  band  at  Damery  and  at  Horsley 
quarry,  Middlemill.  Damery  quarry  is  still  worked,  but  all  the 
others  have  been  abandoned  for  many  years. 

The  tuffs  are  only  met  with  at  two  points — CuUimore's  quarry, 
Charfield  Green,  where  the  tuff  is  seen  overlying  the  upper  lava 
band,  and  Horsley  quarry,  Middlemill,  where  it  overlies  the  lower. 
At  each  spot  the  exposure  is  unfortunately  very  bad.  At  CuUi- 
more's  quarry  the  tuflF  is  dark  coloured,  and  consists  of  minute 
ashy  particles  thickly  scattered  in  a  calcareous  matrix.  Fossils 
are  very  plentiful ;  some  twenty  species  have  been  met  with,  the 
commonest  being  Favosiies  gothlandica,  Orihis  rustica  and  Airy  pa 
reticularis.  At  Horsley  quarry,  Middlemill,  the  tuff  is  again  cal- 
careous, but  bears  little  superficial  resemblance  to  that  at  Charfield 
Green,  consisting  of  a  pink  or  white  limestone,  with  large,  highly 
vesicular  lapilli  somewhat  sparsely  distributed  through  it.  The 
commonest  fossils  are  Favosiies  goihlandica,  Stricklandinia  lirata. 

2.  The  Eastern  Mendip  District.* 

While  in  the  Tortworth  district  the  igneous  rocks  play  a  sub- 
ordinate part  as  compared  with  the  normal  sediments  of  Silurian 
age,  in  the  Mendips  the  whole  Silurian  series  is  of  igneous  origin. 
The  rocks  occur  in  the  most  easterly  of  the  four  periclinal  upfolds 
which  compose  the  Mendip  chain,  and  are  exposed  along  a  tract 
about  three  and  a-half  miles  long^  with  a  maximum  width  of  about 
a  quarter  of  a  mile,  which  extends  from  Beacon  hill,  near  Shepton 
Mallet,  on  the  west,  to  near  Downhead  on  the  east.  They  are 
completely  surrounded  by  the  Old  Red  Sandstone,  and  till  recently 
were  regarded  as  intrusive  in  that  formation.  They  show  three 
well-marked  lithological  types:  (i)  trap  or  lava,  (2)  normal  tuflf, 
(3)  coarse  ashy  conglomerate. 

(i.)  The  Trap  or  Lava. — This  is  the  prevailing  rock,  and  till  the 
recent  opening  of  several  new  quarries  added  to  the  facilities  for 
observation,  was  the  only  one  recorded.  It  is  worked  in  the  three 
large  quarries  of  Moon*s-hill,  Sunnyhill,  and  Downhead.  It 
probably  forms  two  large  masses — a  western  mass  extending  from 

•  A  liiU  account  of  these  rocks  appears  In  the  Quarttrly  Journal  of  tht  Geological 
Society,  1907,  voL  IzUi.  p.  2x7. 
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Beacon  hill  to  Moon's-hill,  and  an  eastern  mass  extending  from 
Tadhill  to  Downhead.  It  shows  singularly  little  variation  in 
character,  consisting  invariably  of  pyroxene  andesite,  both  augite 
and  enstatite  as  a  rule  being  present.  The  ground  mass  always 
plays  a  predominant  part. 

(2.)  The  normal  Tuff. — A  thickness  of  about  one  hundred 
feet  is  seen  in  Sunnyhill  quarry,  where  the  rock  dips  with  perfect 
regularity  below  the  lava,  and  a  mass  with  a  thickness  of  perhaps 
twenty-five  feet  occurs  apparently  interbedded  in  the  lower  part 
of  the  lava.  Evidence  of  the  presence  of  tu£F  occurs  at  a  number 
of  points  along  the  southern  outcrop  of  the  lava,  which  appears  to 
be  underlain  by  a  continuous  band  of  tuff.  The  tuffs  show  a  con- 
siderable amount  of  lithological  variation,  some  being  mainly 
formed  of  fragments  having  a  diameter  of  a  quarter  of  an  inch  or 
more,  others  consisting  only  of  the  finest  particles.  The  parti- 
cular interest  of  the  tuff  lies  in  the  fact  that  at  three  points  it  has 
yielded  Silurian  fossils.  They  were  found  most  abundantly  at 
Tadhill,  in  the  first  place  in  material  thrown  out  by  moles  and 
rabbits,  but  afterwards  in  a  section  temporarily  exposed  by  trench- 
ing. Some  two  dozen  forms  have  been  recognised,  the  commonest 
being  Rhynchonella  davidsoni  and  Orthis  elegantula,  both  of 
which  occur  in  hundreds.  Phacops  downingia  and  Lindstramia 
are  also  common.  At  Sunnyhill  certain  bands  in  the  lower  part 
of  the  tuff  section  yielded  poorly-preserved  fossils,  the  commonest 
again  being  Rhynchonella  davidsoni  and  Orthis  elegantula.  Un- 
fortunately, at  neither  locality  is  the  series  of  fossils  sufficient  to 
determine  with  certainty  the  exact  horizon  in  the  Silurian  series, 
but  the  probability  is  that  the  beds  are  of  Llandovery  age. 

(3.)  The  coarse  ashy  Conglomerate, — This,  the  most  remark- 
able rock  of  the  district,  occurs  in  two  areas  which  alternate  with 
those  of  the  trap  and  normal  tuff.  One  area  lies  on  the  slopes  of 
Beacon  hill  at  the  extreme  western  end  of  the  district,  the  other 
lies  between  the  Moon's-hill  and  Tadhill  masses  of  trap.  In  no 
part  of  the  district  is  the  relation  of  the  coarse  ashy  conglomerate 
to  any  of  the  other  rocks  clearly  seen.  In  the  western  or  Beacon 
hill  area  the  coarse  ashy  conglomerate  was  originally  exposed  at 
the  Rifle  butts  on  the  slopes  of  Beacon  hill,  and  a  number  of 
trenches  have  now  shown  that  the  material  is  widely  distributed  in 
the  neighbourhood.  In  the  eastern  area  the  rock  is  finely  exposed 
in  a  quarry  opened  during  1905  on  the  hill  top  a  quarter  of  a  mile 
to  the  east  of  Moon's-hill  quarr\^  The  coarse  ashy  conglomerate 
is  also  seen  in  situ  at  a  little  pond  near  the  fossil  locality  at  Tad- 
hill. In  all  these  places  the  rock  consists  in  the  main  of  well- 
rounded  blocks  of  the  local  trap  embedded  in  a  typical  tuff  matrix, 
exactly  similar  to  the  normal  fine  tuffs  of  the  district,  except  for 
the  greater  abundance  of  non- igneous  matter  in  the  form  of  quartz 
grains  and  pieces  of  grit.  The  blocks  attain  a  length  of  eighteen 
inches,  and  though  the  great  majority  are  thoroughly  well  rounded, 
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some  are  subangular.  The  deposit  shows  little  or  no  sign  of 
stratification,  and  passes  at  one  point  into  a  mass  of  fine-grained 
tuff  devoid  of  blocks. 

As  regards  the  nature  of  the  coarse  ashy  conglomerate  the  two 
most  probable  views  are  either  (a)  that  it  is  an  aqueous  deposit  of 
the  same  general  age  as  the  associated  trap  and  normal  tufiP,  or 
{b)  that  it  marks  the  position  of  the  necks  from  which  the  trap  and 
normal  tuff  were  ejected. 

The  former  of  these  two  alternative  views  derives  its  chief  sup- 
port from  the  remarkably  rounded  character  of  the  great  majcffity 
of  the  blocks,  and  if  correct  would  imply  that  after  the  submarine 
deposition  of  the  normal  tuff  and  outpouring  of  the  trap,  the  sur- 
face of  the  trap  was  raised  sufficiently  to  bring  it  within  reach  of 
wave  action,  that  it  was  then  partly  broken  up,  and  that  the 
great  majority  of  the  resulting  blocks,  after  being  rolled  about  and 
waterworn,  were  embedded  in  a  matrix  of  tuff  due  to  a  fresh  dis- 
charge of  ashy  material  of  a  nature  similar  (to  that  which  had  been 
ejected  previous  to  the  outpouring  of  the  trap.  The  almost  com- 
plete absence  of  any  sign  of  stratification  in  the  coarse  ashy  con- 
glomerate tells  against  this  view.  The  latter  view,  according  to 
which  the  coarse  ashy  conglomerate  represents  two  volcanic  necks, 
is  perhaps  the  more  probable  of  the  two,  and  is  supported  by  the 
almost  complete  absence  of  stratification  in  the  deposit,  and  by 
its  occurrence  in  two  well-marked  and  isolated  regions,  one  at  the 
extreme  western  end  of  the  area  and  the  other  between  the  two 
large  trap  masses  of  Down  head — Tadhill  and  Moon's-hill.  The 
rounded  character  of  the  blocks  would  on  this  hypothesis  be  due 
to  mutual  friction  either  in  the  throat  of  the  volcano  or  perhaps 
partially  in  the  air. 

III.     THE  CARBONIFEROUS  ROCKS*. 

Igneous  rocks  occur  associated  with  the  Carboniferous  series 
of  Northern  Somerset  at  the  following  places:  Middle  Hope  or 
Swallow  Cliff,  near  Woodspring  Priory ;  Spring  Cove  and  Milton 
hill,  both  near  Weston-super-Mare ;  Goblin  Combe,  near  Wring- 
ton,  Uphill,  and  near  Cadbury  Camp,  North-east  of  Tickenham. 
At  Middle  Hope,  Spring  Cove,  Milton  hill,  and  Goblin  Combe  the 
trap  rocks  are  associated  with  a  series  of  tuffs,  and  their  con- 
temporaneous character  is  clear;  at  Uphill  and  near  Cadbury 
Camp  only  trap  rocks  occur,  and  their  contemporaneous  character 
is  a  matter  of  inference  rather  than  proof.  It  is  an  interesting  fact 
that  the  igneous  series  does  not  in  every  case  occur  at  the  same 
stratigraphical  level  in  the  Carboniferous  limestone;  at  Spring 
Cove  and  on  Milton  hill,  where  the  development  is  a  continuation 
of  that  of  Spring  Cove,  the  series  occurs  low  down  in  the  Syringo- 

*  Geikie  and  Strahan,  **  Summary  of  Progress  of  Geol.  Survey  for  1898/'  pp.  104- 
iiT  :  Lloyd  Morgan  and  KJeynolds,  Quart.  Journ.  Geol.  Soc.  voL  Ix,  (1904),  pp.  i37-xs7,  and 
BrisU  Nat,  Soc,  Proc,^  new  series,  vol.  z,  part  lil,  1904  (issued  for  1903),  pp^  188-axa. 
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thyris  Zone  (C)  of  Dr.  Vaughan's  notation.  At  the  remaining  four 
localities — Middle  Hope,  Goblin  Combe,  Uphill,  and  Cadbury 
Camp — ^it  occurs  on  horizon  y.,  Le.,  some  200  to  250  feet  lower 
in  the  series.  In  no  case  does  the  igneous  series  attain  a  greater 
thickness  than  about  loo  feet,  nor  does  the  evidence  point  to  the 
occurrence  of  volcanic  action  on  a  large  scale. 

As  regards  the  petrography  of  the  rocks  they  are  always 
definitely  basaltic  in  character,  i.e^  rather  more  basic  than  the 
Silurian  rocks  of  Tortworth  and  the  Eastern  Mendips.  The  tuffs, 
too,  which  are  highly  calcareous,  are  also  basaltic.  They  vary  in 
character  from  tuffs,  in  which  the  calcareous  matter  merely  plays 
the  part  of  a  matrix  uniting  the  ashy  particles,  to  limestones  in 
which  the  ashy  particles  are  only  thinly  scattered. 

Some  details  concerning  the  several  sections  may  now  be  given. 

I.  Middle  Hope  or  Swallow  Cliff,  near  Woodspring 
Priory. 

This  locality  includes  a  series  of  four  sections  of  the  igneous 
series,  exposed  along  the  northern  shore  of  Swallow  cliff,  the  most 
westerly  of  the  four  (No.  i)  being  the  most  complete  and  interest- 
ing of  all  the  sections  of  Carboniferous  volcanic  rocks  in  the  dis- 
trict.    The  section  is  as  follows : 

ft. 
12.  Massive  limestone  (horizon  C),  with  large  lapilli  in 
the  lower  7  or  8  feet  to  top  of  cliff 

zi.  Reddish  limestone 6 

zo.  Green  tuff 9 

9.  Ashy    limestone  6 

8.  Basalt,      much     weathered     and     often     highly 

amygdaloidal  X2-X4 

7.  Green  tufiE 12 

6.  Limestone,  full  of  Zaphrentis  and  other  fossils    .  15 

5.  Reddish  limestone  6 

4.  Tuff about  12 

3.  Limestone  with  fossils 3 

2.  Tuff about  12 

I.  Chertj  and  crinoidal  limestone  to  base  of  section 

Thickness  of  igneous  series  ....    about  100 

The  remaining  three  sections  all  agree  in  the  fact  that  no  lava 
occurs,  the  igneous  series  consisting  solely  of  tuffs.  Two  of  the 
sections  (Nos.  2  and  3)  lie  at  a  distance  of  about  three-quarters  of 
a  mile  to  the  east  of  the  principal  section,  and  the  third  (No.  4) 
near  St.  Thomas*  Head,  about  half-a-mile  still  farther  to  the  east. 
The  occurrence  of  these  sections  is  due  to  small  faults  which  shift 
the  outcrop  to  the  north.  In  Section  No.  2  the  igneous  series  is 
about  95  feet  thick,  and  in  Section  No.  3  about  80  feet  thick. 
They  agree  in  the  fact  that  several  limestone  bands,  which  in 
Section  No.  i  separate  several  of  the  tuff  bands,  have  disappeared, 
so  that  the  tuffs  have  run  together,  and  some  bands  attain  a  thick- 
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ness  of  about  25  feet.  The  fourth  and  last  section  shows  a  much 
attenuated  representative  of  the  volcanic  series,  only  some  4  feet 
of  ash  and  ashy  limestone  being  exposed. 

2.  Spring  Cove,  near  Weston-super-Mare. 

While  at  Middle  Hope  the  importance  of  the  lava  is  sub- 
ordinate to  that  of  the  ash ;  at  Spring  Cove  the  reverse  is  the  case, 
the  lava  predominating.  The  principal  member  of  the  igneous 
series  is  a  mass  of  basalt,  having  a  thickness  of  about  40  feet 
and  a  length  of  about  150  yards  is  exposed.  It  has  been  described 
in  detail  by  Prof.  W.  S.  Boulton,  on  whose  paper*  the  following 
account  is  based-  It  is  not  a  simple  basalt  flow.  The  seaward 
portion  is  a  compact,  red,  slightly  amygdaloidal  olivine  basalt, 


C 

C. — Syringotkyrix  Zone. 

y— Horizon  V,  ut.  the  top  of  the  Zapkrentis  Zone 
Za. — Zaphrentis  Zone  (Cornucopiae  Subzone). 
F— Fault.  T— Tuff. 

Fig  I.— Sketch  Section  Across  the  Middle  Hope  Promontory.— 

r.  F,  Sibly. 

with  occasional  lumps  of  limestone.  Then,  a  little  more  than  half- 
way from  the  low-water  end,  it  changes  in  character  and  becomes  a 
very  coarse  tuff  or  agglomerate  with  lenticular  masses  of  slaggy 
basalt  5  to  6  feet  long,  and  limestone  masses  of  still  larger  size. 
This  continues  for  about  20  or  30  yards,  when  the  rock  once  more 
becomes  a  basalt,  very  amygdaloidal  and  often  variolitic,  with 
pillow  structure,  large  included  limestone  masses  and  some  tuff. 
With  regard  to  the  middle  portion  Prof.  Boulton  considers  that 
"it  probably  represents  a  torrent  of  agglomeratic  material  that 
flowed  down  a  slope  on  the  surface  of  an  already-extruded  bed  of 
lava,  carrying  in  among  the  finer  lapilli  larger,  irregular,  and  plastic 
masses  of  scoriaceous  basalt-lava  of  the  nature  of  bombs,  together 
with  lumps  and  fragments  of  limestone,  which  from  their  form 
and  broken  character  suggest  that  they  were  ejected  from  the  vent 
with  the  basaltic  material."  The  limestone  overlying  the  basalt 
contains  disseminated  ashy  particles  up  to  a  height  of  at  least 
8  feet  from  the  base. 

*  Quart.  Joum,  Geol.  Soc,  vol.  Ix  (1904),  pp.  158-169. 
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3.  Milton  Hill,  Weston-super-Mare. 

No  exposures  of  igneous  rock  are  now  to  be  seen  on  Milton 
hill,  but  excavations  made  by  Mr.  S.  G.  Perceval  and  others  have 
proved  the  existence  of  lava  and  ash  extending  as  far  to  the  east 
as  Kewstoke  steps. 

4.  Goblin  Combe,  near  Wrington. 

Two  isolated  exposures  of  volcanic  rock  occur  in  this  locality, 
the  more  westerly  about  one-third  of  a  mile  to  the  south  of  Warren 
House,  the  other  about  half-a-mile  south-east  of  the  house.  At 
both  these  spots  lava  (olivine  basalt),  as  well  as  tuflF,  is  met  with, 
the  lava  probably  underlying  the  tuff,  but  while  in  the  more  westerly 
locality  lava  occurs  in  siiu,  in  the  more  easterly  it  is  known 
only  in  the  form  of  blocks  sparingly  scattered  over  the  surface  of 
the  fields.  The  olivine  in  each  case  is  represented  by  pseudo- 
morphs,  in  carbonate  in  the  case  of  the  more  westerly  exposure, 
in  serpentine  in  the  case  of  the  more  easterly.  A  thickness  of 
about  13  J^  feet  of  tuff  is  exposed  in  the  more  easterly  section,  and 
at  both  it  is  highly  calcareous  in  character,  and  frequently  con- 
tains oolitic  grains. 

5.  Uphill. 

Amygdaloidal  basalt  is  exposed  in  an  old  quarry  on  the  western 
side  of  the  railway  cutting  about  200  yards  north  of  Uphill  station, 
but  its  relations  to  the  surrounding  limestone  are  not  clearly  seen. 

6.  Near  Cadbury  Camp,  North-east  of  Tickenham. 

The  only  evidence  now  available  for  the  existence  of  igneous 
rocks  in  this  locality  is  in  the  form  of  fragments  thrown  out  from 
rabbit  burrows. 
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ON  THE  CARBONIFEROUS  LIMESTONE 

(AVONIAN)  OF  BURRINGTON  COMBE 

AND  CHEDDAR. 

By  T.  F.  SIBLY,  B.Sc..  F.G.S. 
(Rtad  May  3rd,  1907)- 

I.— THE  BURRINGTON  COMBE  SECTION. 

THIS  section,  which  is  by  far  the  most  extensive  in  theMendips, 
exhibits  an  unbroken  succession  extending  from  the  base  of 
the  Avonian  up  to  the  basal  portion  of  the  Dibunophyllum-Tjoti^. 
The  total  thickness  of  Avonian  rocks  included  in  the  section  is 
about  2,600  feet,  of  which  about  80  feet  belong  to  the  Dibuno- 
phyllum-T/ytie.  The  corresponding  part  of  the  Avon  section  has  a 
thickness  of  about  2,000  feet,  the  difference  being  due  to  a  great 
expansion  of  the  Zaphrentis-  and  Syringothyris-Zones  in  the  Men- 
dip  area. 

The  upward  succession  is  from  south  to  north.  At  the 
southern  end  a  gradual  passage  from  the  O.R.S.  up  into  the 
Avonian  is  seen.  Duplicate  sections  of  the  lowest  portion  of  the 
series,  comprising  K  and  a  part  of  Z,  are  afforded  by  two  ravines 
which,  furrowing  the  lower  slopes  of  Blackdown,  open  into  the 
upper  part  of  Burrington  Combe.  The  remainder  of  the  series  is 
exposed  in  the  Combe  itself.  At  the  northern  end  the  secticHi  is 
terminated  by  the  outcrop  of  the  Dolomitic  Conglomerate. 

The  base  of  the  Dibunophy Hum-Zone  is  exposed  in  a  small 
quarry  at  the  mouth  of  the  Combe,  on  the  eastern  side.  The  beds 
contain  a  characteristic  assemblage  of  D  i  fossils.  The  Seminula- 
Zone  extends  from  this  quarry  to  Plumley's  Den,  a  deep  cavern  on 
the  east  side  of  the  Combe.  The  upper  beds  of  the  zone  Sj, 
exposed  here  and  there  on  the  grassy  slope,  yield  characteristic 
fossils,  such  as  Seminula  -ficoides^  Producius  corrugato-hemi- 
sphericus  and  Lithostrotion  Martini^  and  the  lower  beds  Si  are 
exposed  at  a  quarry ;  but  the  zone  as  a  whole  is  not  well  displayed, 
and  the  distinctness  of  Si  and  Sj  is  not  very  easily  recognis- 
able. The  lithological  characters  of  these  two  zones  do  not  call 
for  special  mention. 

The  Syringothyris-Zoney  consisting  entirely  of  massive  lime- 
stones, is  finely  displayed.  Oolitic  limestones  are  prominent, 
especially  in  the  upper  part,  and  the  lower  beds  are  slightly  dolo- 
mitic. The  typical  development  of  this  zone,  consisting  of  an 
unbroken  series  of  fossiliferous  limestones,  exhibited  here,  prevails 
throughout  the  Mendip  area,  and  forms  a  marked  contrast  with 
the  abnormal  development  found  in  the  Avon  section.     The  zonal 
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fauna,  which  is  poorly  represented  in  the  Avon  section,  is  here 
typically  developed.  In  the  upper  beds,  between  Plumley's  Den 
and  the  cave,  the  common  occurrence  of  Cyaihophyllum  <p  is  notice- 
able. In  the  lower  part  of  the  zone,  at  the  cave  and  farther  up 
the  Combe,  characteristic  fossils,  such  as  Syringothyris  cuspidata 
and  Michelinia  cf.  megasioma,  can  always  be  found.  The  lowest 
beds  of  the  zone,  just  above  Horizon  y,  yield  Schizophoria 
resupinaia,  large  specimens  of  OrihotheteSj  and  a  very  large 
papilionaceous  Ckaneies. 

The  great  thickness  of  the  Zap/irentJs-Zone  forms  a  prominent 
feature  of  the  Mendip  sequence,  and  is  well  seen  in  this  section. 

Horizon  y  is  exceptionally  well  displayed,  and  affords  a  good 
collecting  ground  for  both  corals  and  brachiopods.  The  great 
abundance  of  Caninia  cylindrica,  in  association  with  Zaphreniis 
aff.  PhilHpsi  and  Z.  aff.  cornucopia,  is  immediately  noticeable. 

Up  to  a  point  lying  about  200  yards  beyond  the  outcrop  of 
Horizon  y  the  Combe  has  followed  a  direction  not  far  removed 
from  the  line  of  dip.  At  this  j)oint,  however,  the  gorge  bends 
sharply  eastwards,  and  afterwards  runs  approximately  along  the 
line  of  strike.  The  massive  limestones  in  Zj  form  the  main  part 
of  a  magnificent  escarpment  on  the  north  side  of  the  road.  The 
fossils  of  this  sub-zone  can  be  collected  from  the  heaps  of  debris 
at  the  foot  of  the  escarpment.  The  common  occurrence  of 
Atnplexus  cf.  coralloides,  Michelinia  cf.  favosa  and  Caninia 
cylindrica  is  noticeable.  Chert,  in  nodular  and  lenticular  masses, 
is  abundantly  developed  in  the  beds  of  this  zone,  especially  in  Z*, 
The  fossils  of  Z ,  can  be  collected  on  the  slopes  on  the  south  side 
of  the  road.  Spirifer  aff.  claihraius  and  Choncies  cf.  hardrensis 
in  great  abundance,  and  all  their  usual  associates,  can  be  found. 
Horizon  /3  is  not  exposed. 

The  stream-sections  in  both  of  the  tributary  ravines  afford 
exposures  of  the  Cleistopora-Txyci^,  but  neither  of  these  sections  is 
easily  accessible  throughout  the  whole  extent  of  the  zone.  The 
eastern  ravine  affords  the  better  section.  The  zone  exhibits  its 
usual  characters.  Kj  and  K^  can  be  examined  only  by  working 
up  the  bed  of  the  stream,  but  the  3/^(f/>/a-phase  (K^)  is  more 
readily  accessible.  The  shales  of  the  Modiola-'^hdise  yield 
Ostracods  in  abundance,  and  Modioliform  lamellibranchs. 


II.— THE  CHEDDAR  SECTION. 

The  Cheddar  Gorge  affords  a  section  extending  from  the  Upper 
Syringoikyris-Zone  into  the  Upper  Dibunopky Hum-Zone. 

Ca  is  not  so  well  exposed  as  at  Burrington.  The  uppermost 
beds  contain  Cyathophyilum  ^    commonly. 

The  importance  of  the  section  lies  in  the  fine  exposure  of  S,. 
In  this  respect  the  Cheddar  section  supplies  one  of  the  chief 
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<leficiencies  of  the  Burrington  section.  This  sub-zone  exhibits  the 
typical  faunal  characteristics  of  Si  as  developed  in  the  Bristol 
area,  with  the  sole  exception  that  Caninia  cylindrical  mutSi ,  is 
apparently  nowhere  common.  Lithostrotion  Martini  and  Seminula 
fxoides  occur  abundantly  at  various  levels.  The  upper  beds  of 
the  sub-zone,  very  well  exposed  in  a  large  quarry  in  the  gorge, 
contain  Producius  0  in  great  abundance;  Productus  semi- 
reticulaius,  mut.Si,  occurs  commonly  at  this  level,  and  Athyris 
cf.  expansa,  a  fossil  characteristic  of  C2  and  Si  in  the  Mendips, 
is  common. 

A  highly  interesting  feature  of  Si  in  the  Cheddar  section  is 
the  occurrence  of  a  special  fauna  at  the  base.  The  characteristic 
fossils — Carcinophyllum  tnendipense,  Camarophoria  isorhyncha 
and  Spirifer  cf.  furcatus — are  associated  with  Athyris  cf. 
glabristria  and  Lithostrotion  Martini.  This  fauna  is  apparently 
very  localised  in  its  distribution.  It  is  equally  well-developed  at 
the  same  horizon  at  Weston-super-Mare )  but  no  similar  develop- 
ment has  yet  been  recorded  in  any  other  part  of  the  South-western 
Province,  and  no  trace  of  it  has  been  discovered  at  Burrington. 
The  horizon  is  well  exposed  at  Cheddar,  and  fossils  can  always  be 
collected. 

Sj  is  not  so  well  exposed  for  examination,  but  the  whole  sub- 
zone  is  included  in  the  section  in  the  lower  part  of  the  gorge. 
Bands  containing  an  abundance  of  Lithostrotion  Martini  or 
Seminula  -ficoides  can  be  seen  in  places. 

Di  is  poorly  exposed  in  a  disused  quarry  at  the  entrance  to  the 
gorge,  some  distance  south  of  the  CliflF  Hotel. 
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NOTE  ON   THE  CORAL  ZONES   OF  THE 
AVONIAN  (LOWER  CARBONIFEROUS). 

By  ARTHUR  VAUGHAN,  B.A.,  D.Sc,  F.G.S. 
(Read  May  3rd,  7907), 

RECOGNISING  how  limited  is  the  time  which  the  Geolo- 
gists* Association  can  spare,  during  their  visit,  for  the  study 
of  the  faunal  succession  in  the  Avonian  rocks  of  the  Bristol  area, 
I  have  prepared  the  following  brief  statement  of  the  main  results 
of  recent  work ;  only  the  broadest  outline  is  here  sketched  and 
details  are  purposely  omitted  in  order  that  attention  may  not 
be  diverted  trom  the  essential  facts. 

The  Corals  and  Brachiopods  are  the  only  groups  which  have, 
as  yet,  been  specially  studied  in  regard  to  their  succession  and 
mutation  during  Avonian  time.  Of  these  two  groups,  the 
corals  are  of  the  greater  service  in  that  their  rate  of  variation  with 
time  is  more  considerable,  and  also  in  the  fact  that  mere 
fragments  are  readily  determined  by  horizontal  sectioning.  The 
Brachiopod  succession,  although  very  valuable  as  confirming  the 
sub-divisions  based  upon  the  coral  sequence,  cannot  be  ade- 
quately treated  within  the  limits  of  a  necessarily  short  note. 

The  Coral  Succession. 

The  Avonian  comprehends  almost  the  complete  history  of 
Carboniferous  Corals  in  the  British  Isles.  In  the  lowest  beds 
corals  are  rare,  in  the  main  portion  they  occur  in  profusion, 
and  extremely  few  forms  transgress  the  upper  limit. 

In  the  lowest,  or  C/eisfopora-zone  (K),  true  Avonian  Corals 
are  notably  absent.  A  species  of  CUistopora^  clobcly  allied  to 
CUistopora  geomeirica  of  the  Devonian,  forms  a  valuable  index 
to  the  zone,  although  it  is  rare  except  at  one  or  two  levels. 

With  the  ZaphreniiS'Zont.  (Z)  we  encounter,  in  Zaphreniis  aff. 
Phillipsi^  the  earliest  representative  of  the  true  Avonian  Coral- 
fauna.  This  simple  Zaphreniis  comes  in  at  the  base  of  Z, 
increases  to  a  maximum  in  the  upper  part  of  the  zone,  and 
rapidly  declines  in  number  in  the  succeeding  Syrtngothyris-zone^, 

The  uppermost  part  of  the  Zaphrentis-zon^  witnesses  the  acme 
of  Zaphreniis,  In  Belgium,  a  large  number  of  species  of  this 
genus  have  been  recorded  from  this  level ;  but  in  the  South- 
West  Province  all  the  Zaphrentes  are  mainly  referable  to  two 
species,  namely  Zaphreniis  aff.  Phillipsi  and  Z  aff,  cornucopia. 
The  latter  is  a  specialised  and  easily-recognised  form  which 
especially  characterises  the  upper  part  of  Z  (Z^). 
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Within  the  Syringothyris-zon^  (C),  all  the  great  groups 
which  become  dominant  factors  of  the  Coral-fauna  in  higher  zones 
are  already  represented  by  prc^enitors  of  simple  Zaphrentoid 
type,  which  clearly  exhibit  the  source  from  which  they  were 
derived.  [The  same  abnormal  activity  of  variation  is  exhibited 
with  equal  clearness  by  the  Brachiopods  of  the  Syringothyris-zon^ 
and  it  is  a  suggestive  fact  that  this  period  of  exceptional  faunal 
change  synchronised  with  the  epoch  of  main  earth-movement 
during  Avonian  time].  The  earliest  coral  group  to  succeed 
Zaphrentis^  as  the  dominant  factor  in  the  Coral-fauna,  was  that  of 
the  Campophyllids.  The  lower  part  of  the  C  zone  (Ci)  is 
characterised  by  the  abundance  of  Caninia^  the  most  zaphrentoid 
of  all  the  Campophyllids.  Upper  Syringothyn'S'time  (Q)  witnesses 
the  evolution  of  the  Cyathophylla  from  the  Campophyllids  and 
the  parallel-development  of  the  Cyathophylloid-(7a/«/^/Ay//a, 
these  two  groups  dominating  Q.  (N.B. — The  Syringothyris-zont 
is  the  uppermost  zone  of  the  Tournaisian  or  Lower  Avonian). 

The  Seminula-'ioTiQ  (S),  named  from  the  extreme  abundance 
of  Seminula  ficoides  throughout  the  whole  extent  of  the  zone, 
forms  the  base  of  the  Vis^an  or  Upper  Avonian.  It  is  dis- 
tinguished by  the  enormous  abundance  of  Lithostrotion,  both 
dendroid  (Siphonodendron)  and  massive  {Nematophyllum),  This 
prolific  genus  is  derived  from  a  Cyathophylloid-Campophyllid 
stock,  and  the  earliest  forms  are  practically  devoid  of  columella. 

In  the  lower  part  of  the  zone  (Si),  Cyathophylloid-Cflw/<7/Aj'//a 
are  still  common,  whereas,  in  the  upper  part  (Sj),  Cardnophyllum 
(a  Campophylloid-Clisiophyllid)  becomes  an  important  factor  in 
the  fauna  and  heralds  the  incoming  of  the  more  typical  Clisio- 
phyllids. 

The  Dibunophyllum-TJOXit  (D)  marks  the  acme  of  coral 
development  and  is  essentially  characterised  by  the  establishment 
and  dominance  of  the  true  Clisiophyllids,  which  increase  in 
structural  complexity  as  they  pass  upwards  through  the  zone. 

The  lowest  suhhzone  (Dj)  contains  simple  structural  types 
such  as  Dibunophyllum  d  and  Koninckophylium  6  which  exhibit 
no  great  advance  upon  highly  developed  Lithostrotions,  and  with 
these,  at  the  base  of  the  zone,  Cardnophyllum  is  still  abundantly 
associated. 

The  middle  sub-zone  (Dj)  includes  more  highly  specialised 
forms  such  as  Dibunophyllum  i/^,  and  is  especially  characterised 
by  the  abundance  of  Lonsdalia, 

The  highest  sub-zone  (D3)  contains  no  corals  in  the  Bristol 
area,  where  it  is  represented  by  the  Millstone  Grit 

Descriptions  and  figures  of  the  Coral  Genera  referred  to 
above  will  be  found  in  the  paper  by  the  Author,  Bristol  Nat  Soc, 
Proc  (1906^,  pp.  130-148. 


Proc.  Geol.  Assoc,  Vol.  XX,  Part  2,  1907.] 
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The  annexed  table  illustrates  the  method  of  recognition  of 
the  various  Avonian  Zones  by  the  presence  or  absence  of 
particular  coral-groups. 

The  distinction  of  the  sub-zones  (in  ascending  order)  is  as 
follows : 

(Zi)  Zaph,  aff.  cornucopia^  absent. 

(Zj)  „  present ;  Caninia  at  top., 

I(Ci)  ZaphrentiSy   usually     common;    Cyathophyllum^ 
practically  absent 
(Q)  First  establishment  of  Cyathophyllum ;    Zaph- 
reniis  rare. 
(Sj)  Cyathophylloid-CVi»»^^/Ay/^,  common;  Carciruh 

phyllum  mendipense. 
(Ss)  Q^z.^o^f\o\6rCampophyUa^      rare;       Carcituh 

phyllum  d. 
(Di)  Dibunophyllum  6,  Koninckophyllum  0,    Carcino- 

phyllum  e. 
(Dj)  Dibunophyllum  xj/y  Lonsdalia, 
(D,)  A  Z^phrentid  phase  characterised   by  Cyathcuc- 
onia    rushiana^  Zaphrenfis    aff.    Enniskilleniy 
Amplexi'Zaphrentis. 


(S) 


(D) 


The  first  establishment  of  Lithostrotion  marks  the  start  of 
Vis^n  or  Upper  Avonian,  and  the  base  of  the  Seminula  zone. 

The  first  establishment  of  Zaphrenfis  marks  the  base  of  the 
ZaphrentiS'iovi^, 

The  first  establishment  of  Dibunophyllum  marks  the  base  of 
the  Dibunophyllum-zor\Q, 

N.B. — ^These  three  assumptions  are  purely  matters  of  con- 
vention, and  introduce  a  small  error  representing  relative 
acceleration;  this  error  is,  however,  practicsdly  unimportant  in 
comparison  with  the  zone-interval. 
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VISIT    TO    THE    BRUCE    CASTLE    MUSEUM, 
TOTTENHAM. 

Saturday,  March  qth,  1907. 

Director:     Thomas  W.  Reader,  F.G.S. 

(Report  by  The  Director.) 

The  party,  numbering  twenty-five,  assembled  at  the  castle  and  the 
Director  gave  an  account  of  the  interesting  building  now 
occupied  by  the  museum. 

Bruce  Castle  stands  upon  the  site  of  a  residence  of  Waltheof, 
who  was  Earl  of  Huntingdon  at  the  time  of  the  Conquest 
The  earl  was  beheaded  for  conspiracy,  but  his  wife,  who  was 
a  niece  of  William  the  Conqueror,  was  allowed  to  retain  the 
house  and  lands.  At  her  decease  they  passed  to  her  only 
daughter  Maud,  who  married  as  her  second  husband  David  I., 
King  of  Scotland,  who  became  in  her  right  Earl  of  Huntingdon. 
At  his  death  the  estate  passed  to  his  son  Henry,  and  then 
successively  to  his  grandsons,  Malcolm  IV.  and  William  the  Lion, 
Kings  of  Scotland.  The  last-named  conferred  it  on  his  brother 
David,  Earl  of  Huntingdon,  whose  daughter  Isabel  was  married 
to  Robert  Bruce,  the  father  of  the  competitor  for  the  Scottish 
crown  in  the  time  of  Edward  I.  Edward  decided  in  favour  of  the 
counter-claimant  Baliol,  and  Bruce  and  his  son  are  said  to  have 
resided  subsequently  on  their  estate  at  Tottenham,  which  was  named 
Bruce  Castle  or  Le  Bruses.  On  the  rebellion  of  his  more  famous 
grandson  Robert  Bruce,  who  thereby  became  King  of  Scotland, 
the  manor  was  forfeited  to  the  crown,  and  its  connection  with  the 
Bruces  ended. 

After  passing  through  several  hands  the  property  was  given 
by  Henry  VIII.  to  Sir  William  Compton,  Groom  of  the 
Bedchamber,  and  in  15 16  the  King  met  his  sister  Margaret,  wife  of 
James  IV.,  King  of  Scotland,  in  this  house,  which  had  been 
rebuilt  by  Sir  William  Compton  more  or  less  in  its  present  style. 

Some  fifty  years  later  Queen  Elizabeth  was  the  guest  of 
Lord  Compton  at  the  castle.  From  the  Comptons  the  castle 
passed  to  the  Lords  Coleraine  of  the  family  of  Hare,  and  it 
was  altered  to  practically  its  present  condition  by  one  of  them  in 
the  latter  part  of  the  1 7th  century.  From  them  it  came  to  the 
Townsend  family,  and  was  eventually  bought  by  Sir  Rowland 
Hill,  of  penny  postage  fame,  who  turned  it  into  a  school,  a 
condition  in  which  it  remained  until  a  few  years  ago. 

The  party  were  then  conducted  over  the  Museum  by  Mr.  F.  J. 
West,  the  Borough  librarian.  He  said  that  when  the  school 
was  given   up  it   was  felt   by   many  in  Tottenham   that  this 
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building,  whose  history  just  given  by  Mr.  Reader,  showed  links 
with  kings,  queens,  and  nobles,  ought  not  to  be  pulled 
down  and  the  ground  built  over,  and  with  the  assistance  of 
Mr.  Joshua  Pedly  the  property  was  purchased  by  the  Tottenham 
Local  Board. 

Mr.  West  said  that  he  was  desired  to  express  the  r^rets  of  the 
Chairman  of  the  Council  (Mr.  C  C.  Knight,  J.P.,  F.Z.S.),  and 
of  the  Chairman  of  the  Library  and  Museum  Committee  (Mr. 
VV.  W.  Lewis),  that  they  were  prevented  by  other  engagements 
from  being  present  He  gave  a  short  account  of  the  origin  and 
growth  of  the  Museum,  which  was  formally  opened  on  October 
25  th,  1906. 

The  points  of  chief  interest  to  the  party  were  two  separate 
geological  collections,  one  being  that  loaned  by  Mr.  H.  E. 
Smedley,  F.G.S.,  and  the  other  a  collection  made  by  the  late 
Mr.  Penistone,  of  Stoke  Newington,  a  friend  of  Ruskin,  who,  it 
is  said,  had  interested  himself  in  its  formation.  This  collection  was 
acquired  for  a  nominal  sum  through  the  kind  offices  of  Mr. 
Knight 

The  collections  were  then  examined  by  the  members  of  the 
party,  and  it  was  noted  that  they  contained  many  specimens  of 
great  interest,  principally  from  the  Chalk,  Oolites,  and  Lias.  Un- 
fortunately, in  many  cases  the  localities  of  the  specimen  were  lost, 
but  as  the  fossils  are  arranged  and  intended  to  be  studied  zoologi- 
cally, and  not  stratigraphically,  this  was  not  of  so  much 
importance  from  the  point  of  view  of  the  student.  A  number 
of  wax  models  made  by  Mr.  Smedley  were  also  much  admired. 
These  represented  most  of  the  large  types  of  extinct  reptiles 
restored  according  to  accepted  ideas,  such  as  Ichthyosaurus, 
Plesiosaurus,  Pterodactyl,  Diplodocus,  and  many  other  of  the 
large  Dinosaurs.  There  were  also  a  series  of  botanical  models 
made  by  Mr.  Smedley,  and  two  interesting  zoological  collections, 
one  presented  by  Mr.  Knight,  and  the  other  purchased  by  sub- 
scription from  Mr.  Roberts,  formerly  of  Tottenham,  but  now  of 
Wanstead. 

After  the  party  had  examined  the  building  and  its  contents, 
the  President,  in  moving  a  vote  of  thanks  to  the  Director,  to 
Mr.  West,  and  to  the  Council  and  the  Library  and  Museum  Com- 
mitte  of  Tottenham,  referred  to  the  interest  that  the  Association 
felt  in  visiting  these  local  museums,  the  true  home  of  local 
collections,  and  he  expressed  a  hope  that  the  public  spirit  which 
had  animated  the  Council  and  those  other  residents  who  had 
been  interested  in  the  preservation  of  this  interesting  building 
and  the  foundation  of  the  Museum,  would  be  appreciated  by 
^hose  for  whose  use  it  was  intended. 
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VISIT  TO  THE  BRITISH  MUSEUM  (NATURAL 
HISTORY),  SOUTH  KENSINGTON. 

Department  of  Botany, 

Saturday,  March  i6th,  1907, 

Director:  Tames  Britten,  Knight  of  St.  Gregory,  F.L.S. 

(Rtport  fy  The  Directoe.) 

The  party  assembled  on  the  top  landing  at  2.45  p.m.,  where 
they  were  received  by  Mr.  Britten,  who,  in  the  unavoid- 
able absence  of  Dr.  A.  B.  Rendle,  had  arranged  to  give  a 
demonstration. 

Mr.  Britten  explained  that  the  demonstration  had  been 
announced  under  the  title  of  "Some  Historical  Collections," 
and  he  would  consequently  confine  himself  to  illustrations  of  the 
work  of  Sir  Hans  Sloane,  of  Sir  Joseph  Banks,  and  of  those  who 
assisted  them.  He  remarked  that  the  National  Herbarium  was 
of  unequalled  value  in  its  historical  aspect,  containing,  as  it  did, 
so  much  of  the  work  of  the  botanists  of  the  seventeenth  century, 
together  with  collections  of  an  even  earlier  date  included  in  the 
great  Herbarium  of  Sir  Hans  Sloane,  which  was  comprised  in 
334  folio  volumes,  of  which  the  first  eight  were  devoted  to 
Sloane's  own  collection  made  in  Jamaica  (1687-89).  Besides  the 
plants  themselves,  these  volumes  contain  the  original  drawings 
from  which  the  engravings  for  the  Natural  History  of  Jamaica 
were  prepared  j  Sloane's  own  copy  of  the  work,  containing  his 
MS.  additions  and  his  references  to  the  Herbarium,  was  also 
shown.  Among  the  other  contents  of  the  Sloane  Herbarium 
exhibited  were  the  collections  of  James  Petiver  (1658-17 18), 
Apothecary  to  the  Charterhouse ;  Leonard  Plukenet  (i  642-1 706), 
containing  8,000  specimens ;  Mark  Catesby,  who  was  in  North 
America  from  17 12  to  1726 ;  James  Cunningham,  who  collected 
in  China,  1698- 1703;  Hermann,  Oldenland,  and  other  earlier 
collectors  at  the  Cape ;  and  Kaempfer's  plants  from  Japan. 

The  collections  of  Sir  Joseph  Banks,  which  were  the 
foundation  of  the  National  Herbarium  as  it  now  exists — the 
Sloane  volumes  having  been  retained  as  a  separate  collection — 
practically  began  with  the  plants  collected  in  Australia,  New 
2Sealand,  the  Pacific  Islands,  and  elsewhere  during  Cook's  First 
Voyage  round  the  World  in  1768-71.  In  connection  with  these 
were  shown  the  volumes  of  drawings  made  during  the  voyage  by 
Sydney  Parkinson,  elaborated  on  the  return  of  the  expedition  by 
the  best  botanical  artists  of  the  day  and  engraved  for  publication 
at  Banks's  expense,  but  never  published  ;  a  volume  of  reproduc- 
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tions  of  the  Australian  drawings  was  prepared  for  publication  by 
Mr.  Britten  and  issued  by  the  Trustees  of  the  Museum  a  few 
years  back.  Some  of  the  various  important  collections  acquired 
by  Banks  were  also  exhibited,  including  Hermann's  Herbarium 
of  Ceylon  plants,  on  which  Linnaeus  based  his  "  Flora  Zeylanica  " ; 
the  Gronovian  Herbarium,  containing  Clayton's  Virginian  plants, 
collected  in  the  eighteenth  century,  on  which  many  of  Linnaeus's 
descriptions  are  based ;  the  herbaria  of  George  Clifford,  of  whose 
garden  plants  Linnaeus  published  an  account  in  his  "  Hortus 
Cliffertianus,"  and  Philip  Miller,  the  types  of  his  "Gardeners 
Dictionary,"  as  well  as  the  plants  of  Alexander  and  Patrick 
Russell,  collected  in  Aleppo  toward  the  end  of  the  eighteenth 
century;  and  the  important  specimens,  with  the  drawings  of 
Father  Kamel,  who  collected  in  the  Philippines  at  the  same 
period.  The  collections  made  by  John  and  George  Forster 
during  Cook's  Second  Voyage  (1772-5)  in  Australia  and  the 
Pacific  Islands,  with  the  drawings  made  by  the  latter,  and  the 
Herbarium  of  Thomas  Walter,  containing  types  of  his  **  Flora 
Caroliniana  "  were  also  shown. 

In  conclusion,  Mr.  Britten  gave  a  sketch  of  the  work  of 
Daniel  Solander  and  Jonas  Dryander,  who  were  successively 
librarians  to  Banks,  and  whose  MSS.  form  an  important  addition 
to  the  Herbarium.  Their  connection  with  the  publications  of 
the  day,  such  as  Aiton's  "  Hortus  Kewensis,"  was  shown,  and 
stress  was  laid  on  the  fact  that  they  were  content  to  work 
without  any  anxiety  for  publication.  This  tradition  was  carried 
on  by  the  great  Robert  Brown,  the  exhibition  and  explanation  of 
whose  admirable  Australian  collections  and  manuscripts  brought 
the  demonstration  to  a  conclusion. 

The  demonstration  was  attended  and  much  appreciated  by 
about  thirty  members,  and  a  very  hearty  vote  of  thanks  was 
accorded  Mr.  Britten  on  the  motion  of  the  President. 


EXCURSION    TO    EAST    WICKHAM. 

Saturday,  March  23RD,  1907. 

Director:   A.  L.  Leach. 

Excursion  Secretary  :  A.  C.  Young. 

(Report  by  THE   DIRECTOR.) 

This  Excursion  had  been  arranged  with  the  object  of  visiting  the 
chalk-mines  below  Gregory's  brickfield  mentioned  in  the  report  of 
the  excursion  to  this  locality  on  April  28th,  1906  (Froc,  Geol, 
Assoc,^  vol.  xix,  pp.  341-345)9  but  this  was  not  possible  since. 
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contrary  to  expectation,  the  chalk-mine  has  not  been  opened 
this  winter. 

A  large  part  of  the  chalk  raised  in  1906  still  remains  in  stock 
and  until  it  is  used  up  no  work  will  be  done  in  the  mine.  The 
proprietor  has,  however,  kindly  promised  to  allow  a  pvty  to  go 
down  as  soon  as  work  in  the  mine  is  resumed  next  winter. 

All  those  who  had,  in  compliance  with  the  request  in  the 
Circular,  notified  to  the  Excursion  Secretary  their  intention  of 
attending  the  Excursion,  duly  received  notice  that  the  Tertiary 
and  Chalk  sections  in  the  East  Wickham  valley  would  be  visited 
instead  of  the  mine.  A  party  of  13  met  at  Plumstead  and  the 
excursion  of  last  April  was  practically  repeated. 

The  sections  were  in  very  good  order  and  the  weather  was  all 
that  could  be  desired  for  our  first  field  excursion  of  1907. 

A  hearty  vote  of  thanks  was  accorded  to  the  Director. 


EXCURSION  TO  PLYMOUTH,  EASTER,  1907. 

Director:  W.  A.  E,  Ussher,  F.G.S. 

Excursion  Secretary  :  G.  E.  Diblev. 

(Jitport  by  The  Director.) 

The  members  assembled  at  Plymouth    on  Thursday,  March 
28th,  and  took  up  their  quarters  at  Farley's  Hotel. 

Friday^  March  29/^. — Favoured  by  splendid  weather  the 
party,  numbering  49,  proceeded  to  the  starting  place  for  the 
Turnchapel  steamboats.  Whilst  waiting  for  the  boat  the 
Director  gave  a  short  address  on  the  early  readings  of  the 
Devonian  section.  The  Devonian  limestones  were  the  first 
member  of  the  series  to  receive  special  attention.  The 
Plymouth  limestone  was  described  by  Hennah  in  the  early 
part  of  the  nineteenth  century  and  later  on  Lonsdale  assigned 
to  the  limestones  a  position  between  the  Carboniferous  and 
Silurian,  as  a  marine  equivalent  to  the  Old  Red  Sandstone. 
Sedgwick  and  Murchison  extended  this  correlation  to  the  pre- 
carboniferous  slates  and  grits  in  which  the  limestones  occurred, 
thus  establishing  the  Devonian  System  and  including  in  it  the 
Palaeozoic  rocks  which  emerged  in  North  and  South  Devon  from 
beneath  the  central  trough  of  Culm  Measures  which  they  had 
shown  to  be  the  main  structure  of  Devon.  Owing  to  the  north 
and  south  post-carboniferous  contraction,  called  the  Armorican 
movement,  proceeding  from  the  south  the  axes  of  the  folds  were 
bent  northward  on  either  side  of  the  Culm  trough.  This  fact 
favoured  the  normal  descending  succession  of  the  rocks  of  the 
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northern  outcrop  from  the  Culm  Measures  northward,  which  is  so 
well  described  in  De  la  Beche's  Report  But  notwithstanding 
the  recognition  by  Phillips  of  the  Upper  beds  on  the  southern 
margin  of  the  Culm  trough  at  South  Petherwin,  the  oldest 
Devonian  strata  in  the  southern  outcrop  were  placed  between  the 
Plymouth  limestone  and  the  southern  lip  of  the  Culm  trough, 
whilst  from  the  limestone  southward  Sedgwick  and  Murchison 
gave  an  ascending  series  up  to  the  metamorphic  rocks  of  Hope 
Cove.  Although  this  error  was  no  doubt  largely  due  to  the 
prevalent  southerly  dip  of  the  cleavage  planes  and  of  the  bedding 
through  overfolding,  it  is  very  probable  that  the  more  detailed 
work  of  De  la  Beche  in  Cornwall  and  of  Godwin  Austen  in  South 
Devon,  by  introducing  fresh  sources  of  confusion,  tended  to 
perpetuate  it.  Pointing  to  the  'outcrop  of  the  Lower  Devonian 
rocks  on  Staddon  heights  the  Director  explained  that  this  outcrop 
throughout  South  Devon  maintains  an  east  and  west  strike  (see 
Map  iii,  Fig.  4),*  but  that  on  crossing  to  Cornwall  it  is  shifted 
northward  by  a  series  of  north-west  and  south-east  faults,  so  that 
it  reaches  the  north  coast  of  Cornwall  at  Bedruthan  steps  mudi 
farther  to  the  north.  This  structure  inferred  by  him  in  1890  (see 
Map  ii.  Fig.  5)  f  was  subsequently  proved  by  detailed  mapping  to 
be  the  Key  to  the  Devonian  stratigraphy  of  Cornwall,  and  furnished 
the  explanation  of  the  blending  of  Upper  and  Lower  Devonian 
rocks,  distinct  in  lithological  types  and  fossil  contents,  in  De  la 
Beche's  minor  subdivisions,  as  he  had  traced  the  rocks  now 
known  to  be  Upper  Devonian  westward  into  the  Lower  Devonian 
districts  without  perceiving  the  intervening  dislocations.  Further- 
more the  variegated  Lower  Devonian  slates  of  Watergate  Bay 
(the  Dartmouth  slates),  the  lowest  known  division  of  the 
Devonian  (which  would  be  seen  at  Andurn  Point),  were  correlated 
by  De  la  Beche  with  the  purple  and  green  Upper  Devonian 
slates,  the  series  which  corresponds  to  the  Cypridinen  Schiefer  of 
the  Continent  and  which  would  be  seen  at  Wivelscombe  quarry 
and  in  the  Ince  Castle  cogst  on  Saturday's  excursion. 

Godwin  Austen  in  the  Torquay  area  further  complicated  the 
geology  by  regarding  the  repetition  of  the  limestones  through 
faults  and  folds  as  successive  outcrops. 

Hoirs  maps  in  1868  (see  Map  i,  Fig.  6), J  notwithstanding 
his  recognition  of  inverted  folding,  shows  the  lower  rocks  on  the 
north,  "  the  Lower  South  Devon  group,"  and  the  "  Upper  South 
Devon  group  "  on  the  south,  of  the  limestones,  with  an  infold  of 
the  lower  group.  Clearly  recognising  the  obstacle  to  this  view 
presented  by  the  age  assigned  to  the  Petherwin  Beds,  bolder 
than  his  predecessors  he  endeavoured  to  explain  away  the  fossil 
evidence  on   which   it  was  based. 

The  preliminary  notice  for  the  Long  Excursion  in  1884  {Proc. 

*  Somgnet  Arch,  and  Nat.  Hisi.  Soc  ,  1901. 

t  Trans.  Roy.  Geol.  Soc.^  Cornwall.  1891. 

t  Based  on  HoU's  map  In  Quart.  Joum.  Gtol.  Soc,  vol.  xslv,  PI.  XVI. 
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GeoL  Assocy  vol.  viii,  p.  442)  proves  no  advance  on  earlier 
ideas.  As  regards  the  special  study  of  the  rocks  and  de- 
posits of  the  area  the  papers  written  by  the  late  R.  N.  Worth 
are  invaluable. 

The  arrival  of  the*  steamer  having  put  an  abrupt  termination 
to  the  discourse  the  party  observed  on  passing  the  limestone 
cliffs  of  Catdown  the  comparatively  horizontal  bedding  of  the 
central  parts  of  the  limestone  mass,  which  was  best  enabled  to 
resist  the  folding. 

Landing  at  Turnchapel  in  order  to  traverse  the  inverted  down- 
ward succession  from  the  limestone  to  the  Dartmouth  slates,  a 
short  halt  was  made  to  inspect  a  cutting  in  the  lower  (Eifelian) 
slates  of  the  Middle  Devonian  near  Fort  Charles.  The  Staddon 
grits  were  next  encountered  on  their  salient  outcrop  feature. 
Closer  inspection  was  debarred  by  the  War  Department,  which 
had  annexed  the  path,  open  to  the  public  when  the  Director 
was  stationed  in  Plymouth.  Consequently  a  fine  section  of 
Staddon  grits  with  several  conglomeratic  beds  in  the  tabooed 
ground  could  not  be  seen,  and  a  considerable  detour  involving 
some  scrambling  amid  furze  and  brambles  had  to  be  made 
before  reaching  Bo\4sand  Bay.  At  Bovisand  Bay  the  Middle 
Division  of  the  Lower  Devonian,  the  Meadfoot  group,  succeeds 
the  Staddon  grit.  In  a  short  walk  by  the  cliff  path 
Andum  Point  was  reached.  The  Director  here  showed  the 
purplish  and  green  Dartmouth  slates,  with  a  mass  of  Diabase. 
These  slates  form  the  low  coast  of  Andum  Point  and  with  inter- 
bedded  grits  extend  thence  to  Westcombe  beach,  near  Ringmore. 
He  had  found  traces  of  Pteraspis  in  them  near  Langdon  Court 
inland,  and  at  Piskey's  Cove,  near  Revelstoke,  but  not  elsewhere 
in  Devon.  Faults,  well  marked  by  the  beach  reefs,  separate 
the  Dartmouth  slates  from  the  lower  part  of  the  Meadfoot 
group,  which  here  resembles  them  in  colour  and  corresponds 
to  the  Taunusien  of  the  Continent.  Between  the  faults  a  mass 
of  breccia  of  local  fragments  under  Head  or  old  screes  was 
pointed  out,  as  the  outlier  of  New  Red  mentioned  by  Sedgwick 
and  Murchison  in  their  description  of  this  coast 

From  the  fault  proceeding  northward  to  Crownhill  Bay 
calcareous  slates  associated  with  hard  grits  and  sandy,  decomposed, 
friable  beds  full  of  casts  of  irrecognisably  distorted  fossils  were 
seen  to  be  repeated  by  numerous  folds.  The  Director  pointed 
out  the  occurence  of  numerous  thin  bands  of  limestone  veined 
and  mottled  by  irregular  patches  of  calcspar,  evidently  of  organic 
origin  and  perhaps  Monticuliporoid  corals.  These  limestones, 
he  said,  were  met  with  in  the  fine  section  on  the  Tregantle  coast 
and  at  East  Looe ;  they  are  characteristic  of  the  Looe  beds  on 
the  coast,  and  had  furnished  him  with  a  valuable  horizon  in 
correlating  the  different  sections  on  either  side  of  the  Dartmouth 
slate  anticlinals  in  South  Devon  and  South-east  Cornwall.     These 
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remarLs  were  punctuated  by  the  dis- 
covery on  the  spot  of  a  recognisable 
Monticuliporoid  coral  by  Mr.  E.  T. 
Newton. 

On  reaching  Crownhill  Bay  the  cal- 
careous rocks  were  seen  to  terminate, 
plunging  steeply  under  a  series  of  grey 
slates,  the  junction  being  complicated 
by  thrust  faulting  on  a  small  scale. 
From  here  to  Bovisand  Bay  the  rocks 
form  the  upper  part  of  the  Meadfoot 
group  and  correspond  to  the  Lower 
Coblencien.  In  Crownhill  Bay  single 
corals  of  Zaphrentoid  character,  Crinoids, 
and  other  fossils  were  noticed  in  the 
slates.  The  tide  did  not  permit  of 
rounding  the  headland  between  Crown- 
hill and  Bovisand  Bays,  split  up  by  nar- 
row coves  in  which  traces  of  igneous 
rocb  of  Torcross  type  had  been  detected. 

In  Bovisand  Bay  fine  examples  of 
curved  and  contorted  bedding  crossed 
by  cleavage  planes  almost  at  right 
angles  were  noticed.  On  the  north  side 
of  Bovisand  Bay  the  highest  beds  of 
the  Meadfoot  group,  consisting  of  slates 
irregularly  associated  with  thick  beds  of 
hard  grit,  were  seen ;  they  are  inter- 
sected by  several  small  faults  which  also 
affect  their  junction  with  the  red  Staddon 
grits.  The  section  is  here  overlain  by  a 
fine  example  of  Head  consisting  of  red 
loam  with  local  stones,  sometimes  pre- 
senting a  more  or  less  stratified  appear- 
ance. The  Director  explained  that  this 
Head  or  old  talus  was  shed  from  the 
neighbouring  highland  on  the  old 
beach -platform,  during  the  elevation 
which  succeeded  the  formation  of  the 
raised  beaches,  and  that  its  antiquity  is 
amply  vouched  for  by  the  numerous 
instances,  some  of  which  he  had  figured, 
on  the  Devon  and  Cornish  coasts, 
where  stacks  of  Head  are  found  on 
fragments  of  old  beach-plane  insulated 
by  the  sea,  in  the  recent  depression 
which  circumscribed  and  finally  over- 
whelmed the  forests  on  the  foreshore. 
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On  the  return  journey  the  contorted  character  of  the  Staddon 
grit  coast  was  pointed  out,  so  far  as  it  could  be  seen  looking  down 
from  the  summit  of  the  cliff  not  yet  annexed  by  the  War  Depart- 
ment Time  and  crowds  of  holiday  folk  did  not  permit  of  a  close 
inspection  of  the  lower  beds  of  the  Middle  Devonian  (Eifelien) 
but  some  members  of  the  party  were  shown  the  associations  of 
slate  with  beds  of  limestone  and  decomposed  volcanic  rocks 
which  are  repeated  by  folds  in  the  low  coast  line  approaching 
Mount  Batten,  where  they  are  infolded  with  the  limestone. 

A  much-needed  tea  was  provided  at  the  Coastguard  Station 
and  after  a  rest  of  half-an-hour  the  party  proceeded  to  Tumchapel, 
visiting  the  limestone  quarry  in  Clovelly  Bay  on  the  way.  Here 
the  limestone  is  overlain  by  Schalstein,  but  whether  the  junction 
is  natural  or  inverted  there  is  no  means  of  ascertaining.  The 
Director  pointed  out  the  irregular  replacement  of  the  limestone 
by  volcanic  rocks  as  a  necessary  consequence  of  the  irr^^ular 
extension  of  volcanic  ejectamenta  at  one  time  invading  and 
checking  the  growth  of  a  coral  bank,  at  another  time  receding 
and  allowing  of  its  advance,  and  this  he  considered  to  have  been 
the  case  to  some  extent  along  the  southern  margin  of  the 
Plymouth  reef.  The  return  to  Plymouth  by  steamer,  and  a  walk 
to  the  Hotel  across  the  Hoe,  brought  the  proceedings  of  an 
enjoyable  if  somewhat  laborious  day  to  an  end. 

The  Strata  seen  in  descending  sequence  are  given  in  the 
following  table  with  foreign  correlations. 

Limestone         -        - 1  ^'^"r'S^St^n 
Slates  and  Schalsteins  }     gier-l2^ 
Slates        -        -        -      Eifelien. 
Staddon  Grits    -        -      Upper  Coblenden. 

\/r^A^e^^t-  n^r.  ,^  /  Lower  Coblencien. 

Meadfoot  Group        -  |  Taunusien. 

Dartmouth  Slates       -      Gedinien. 


Middle  Devonian  - 


Lower  Devonian 


In  the  diagrammatic  section  (Fig.  7)  the  relations  of  the 
Devonian  divisions  are  shown. 

Saturday,  March  30/A. — On  Saturday  the  party  proceeded  to 
North  Road  Station,  where  at  9.30  the  Assistant  Divisional  Super- 
intendent of  the  G.W.R.,  Mr.  Kateley,  met  them  and  accompanied 
them  in  the  Special  Rail  Motor  Cars  placed  at  their  disposal  by  the 
Company,  Owing  to  the  congestion  of  Easter  traffic  the  Director 
was  informed  that  it  would  be  impossible  to  detrain  at  Defiance 
Halt  to  see  the  Wearde  Quay  Coast  and  rejoin  the  cars  at 
11.30  a.m.,  as  arranged  in  the  programme,  so  he  decided  to 
proceed  direct  to  Wivelscombe  Lake  without  a  stop  and  to 
return  by  the  Motor  from  Defiance  Halt  at  5.8  p.m. 

After  leaving  the  train  a  short  walk  across  country  south- 
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ward  brought  the  party  to  the  low  coast  line  of  the  St.  Germans 
Estuary  near  Ince  Castle.  The  Director  pointed  out  the  position 
of  the  faulted  outcrop  of  the  Lower  Devonian  rocks  on  the  high 
ground  under  Antony  Fort  on  the  south  and  on  Earth  Hill.  This 
fault  is  the  continuation  of  that  which  cuts  out  the  Meadfoot 
group  at  Cawsand  and  here  cuts  off  the  Upper  Devonian  against 
the  Staddon  grits.  The  Upper  Devonian  rocks  of  the  area 
consist  of  purple  and  green  slates  passing  irregularly  downward 
into  grey  slates  in  which  the  Director  had  found  on  this  coast 
traces  of  the  Biidesheim  fauna  of  Germany.  The  rocks  were 
essentially  slates  in  which  bedding  was  only  locally  apparent 
through  induration  or  decomposition  of  harder  calcareous  films  or 
through  streaks  of  different  tint  The  fossils  occurred  in  nodules 
of  brown  friable  material  the  residue  of  limestones,  which  would 
be  seen  in  abundance  farther  on.  This  type  corresponds  to  the 
Knollen-Kalk  of  Germany.  Traces  of  the  Biidesheim  fauna, 
consisting  of  small  Ganiaiites^  had  been  found  in  only  one 
other  locality  in  the  Plymouth  district,  viz.,  near  Warren  Point  on 
the  Devon  shore  of  the  Tamar  opposite  Landulph  promontory. 

The  purple  and  green  slates  contain  bivalved  Entomostraca 
or  Cyprids,  and  correspond  to  the  Cypridinen-Schiefer  of 
Germany.  Proceeding  slowly  for  about  500  yards  to  the  place 
where  the  nodules  are  most  frequent,  numerous  traces  of  fossils 
were  found,  including  Bactrites  and  casts  of  shells  which  could 
not  be  identified  At  the  junction  of  the  grey,  and  purple  and  green 
slates  Cyprids,  resembling  the  characteristic  Entomis  serratostriata 
and  E,  gyrata  and  small  Teniaculites,  were  found,  but  time  did 
not  permit  of  further  search  for  the  GoniaHtes,  The  party  then 
proceeded  to  Wivelscombe  Quarry,  where  the  purple  and  green 
slates  are  well  exposed,  and  there  halted  for  luncheon,  many 
having  obtained  new  milk  at  a  farm  in  the  vicinity.  The  quany 
was  being  worked ;  the  slates  when  ground  to  powder  and  treated 
with  adds  furnish  a  deep  red  paint,  samples  of  which  were  seen. 

From  Wivelscombe  Quarry  to  Forder  the  distance  is  about  a 
mile,  and  examples  of  igneous  rocks  were  seen  by  the  way  in  the 
cuttings  on  the  new  line  from  Defiance  to  St  Germans  in  course 
of  construction. 

At  Forder  a  quarry  by  the  creek  was  inspected.  Here  a  good 
example  of  hornblende  dolerite  or  proterobase  was  seen,  and  also- 
indurated  slates  and  contemporaneous  volcanic  rock.  Ascending 
the  hill  above  this  quarry  the  party  walked  across  country, 
negotiating  divers  hedges  by  the  way,  to  the  road  to  Wearde 
Quay  and  Defiance  Halt.  By  this  road  they  were  shown  a  quarry 
in  the  Wearde  grits,  a  series  of  evenly-bedded  grits  or  greywackes. 
with  bands  of  shale  or  mudstone.  Descending  to  the  coast  they 
entered  the  lawn  of  H.M.S.  Defiance,  the  Guard  Ship.  Here  the 
Director  showed  them  a  quarry  in  mica  diabase  overlain  by^ 
Wearde  grits  and  mudstones  in  which  above  the  igneous  rock,  a. 
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vesicular  structure,  probably  due  to  volcanic  bombs,  was  apparent 
at  the  ends  of  the  quarry  where  the  overlying  rocks  were  brought 
down  by  small  faults.  The  Wearde  grits,  he  said,  had  yielded  no 
traces  of  fossils  ;  they  resembled  the  Culm  Measure  grits,  and  as 
the  latter  are  unconformable  to  the  Lower  Culm  and  Upper 
Devonian  in  the  St.  Mel  lion  outlier  it  was  thought  for  a  time  that 
these  grits  furnished  additional  evidence  of  the  discordance,  as  on 
the  neighbouring  coast  north  of  Henn  Point  in  one  spot  beds  of 
chert  were  interstratified  with  the  vesicular  volcanic  rocks.  Worth 
had  considered  these  grits  volcanic,  and  that  view  was  entertained 


s    s   s 


Upper  Betfonjijii f 
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Fig.  8 
N.B. — The  name  Forder  is  by  an  error  spelled  FORLER  on  this  map. 


by  the  Director  in  1 892,  but  he  abandoned  it,  as  the  microscope 
gave  no  proof  of  their  volcanic  origin,  and  in  his  papers  on  the 
Culm  Measures  he  had  ascribed  these  grits  to  that  series. 
Detailed  work,  however,  showed  that  they  always  accompanied  or 
occurred  in  the  vicinity  of  volcanic  rocks,  and  were  nowhere 
sharply  marked  off  from  the  Upper  Devonian  rocks.  They  are 
found  between  Compton  and  Crabtree  on  the  north-east  of 
Plymouth,  at  Wearde,  and  at  intervals  from  thence  to  St.  Emey, 
and  in  a  very  meagre  representation  here  and  there  for  a  few 
miles  farther  west.  The  view  now  adopted  is  that  these  grits 
were  formed  in  local  shoalings  accompanying  the  volcanic  episode, 
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and  partly  from  erupted  materials,  and  are  consequently  of  Upper 
Devonian  age  (see  the  map,  Fig.  8). 

After  leaving  Defiance  Quay  the  party  split  up  into  two 
sections,  about  30  proceeding  to  Antony  Passage  where  arrange- 
ments for  tea  had  been  made.  The  remaining  members  accom- 
panied the  Director  along  the  shore  to  Henn  Point,  noting 
associations  of  tuff  and  vesicular  andesitic  basalt  in  the  grey 
Upper  Devonian  slates.  The  tuffs  contain  large  fragments  of 
grey  slate  in  one  of  which  Styiioia  was  seen.  The  vesicular  rocks 
are  the  same  as  the  pillow  lavas  exposed  in  the  adjacent  railway 
cutting,  and  detached  pillows  were  seen  in  the  slates  near  Henn 
Point  The  advancing  tide  forbade  access  to  the  coast  north  of 
Henn  Point,  where  the  vesicular  lavas  are  in  one  spot  interbedded 
with  layers  of  chert  in  which  no  traces  of  Radiolaria  were  dis- 
coverable under  the  microscope.  The  triangular  patch  in  which 
this  phenomenon  is  displayed  was  at  first  thought  to  be  let  down 
in  a  wedge  by  faults,  but  this  is  not  the  case.  After  tea  at  a 
cottage  at  Wearde  Quay  the  smaller  joined  the  larger  party  at 
Defiance  Halt,  whence  they  were  taken  by  Special  Rail  Motor, 
shortly  after  5  p.m.,  back  to  Plymouth. 

Monday^  April  1st — On  Easter  Monday  the  party  assembled 
at  North  Road  Station  and  proceeded  by  the  8.38  train  on  the 
L.  &  S.W.R.,  to  Beer  Alston.  On  arrival  they  walked  by  the  line 
for  a  quarter  of  a  mile  through  a  cutting  in  Middle  Culm  grits 
or  greywackes  and  shales,  containing  obscure  plant  remains. 

Here  the  Director  gave  a  short  address  in  which  he  drew 
attention  to  the  special  feature  of  the  day's  excursion,  viz.,  the 
relations  of  these  plant-bearing  grits  and  shales  to  the  Lower 
Culm  and  Upper  Devonian  rocks  in  the  St.  Mellion  outlier  and 
the  smaller  detached  masses  near  Beer  Alston,  Calstock,  Pentillie, 
and  Tamerton  Folliot. 

Although  the  Lower  Culm  rocks  are  fairly  well  represented 
near  Pillaton  and  Herod  Down  and  form  the  small  outliers  near 
Tamerton  Folliot,  elsewhere  they  occur  as  fragments  not  clearly 
definable  in  relation  to  the  plant-bearing  grits  and  shales,  which 
rest  for  the  most  part  directly  on  the  Upper  Devonian. 

On  leaving  the  cutting  the  party  proceeded  by  road  through 
Braunder  Farm  and  thence  by  the  path  to  North  Hooe  Ferry, 
noting  a  small  exposure  of  vesicular  igneous  rock  in  the  Upper 
Devonian  slates  near  the  former  place.  At  the  Ferry  the  Upper 
Devonian  slates  form  the  coast,  and  search  was  made  for  a  trace 
of  Lamprophyre  found  on  both  sides  of  the  Tamar  when  the 
Director  was  engaged  in  mapping  this  district,  but  the  only  signs 
discoverable  were  in  wallstones,  which  however,  furnished  good 
specimens. 

An  hour  was  spent  in  transporting  the  party  across  the  Tamar 
in  boat  loads  of  seven. 

When  all  had  landed  on  the  Cornish  shore  they  proceeded 
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slowly  towards  Haltonquay.  The  Director  pointed  out  exposures 
of  Lower  Culm  Measures  consisting  of  chert  beds  and  hard 
shales,  and  shales,  slates  and  limestone,  and  shaly  beds  con- 
taining numerous  examples  of  Fosidonomya  Becheri,  Through 
plication  the  overlying  grits  and  shales  descend  to  the  shore  in 
places.  In  this  section  Mr.  Howard  Fox  discovered  Radiolaria 
and  a  foraminiferal  limestone  with  Endothyra  Trochamina^ 
Dentalium  and  Nodosintlla,  The  Lower  Culm  rocks  are  here 
cut  off  on  the  east  by  a  nearly  north  and  south  fault  running  from 
Haymarsh  southward  along  the  course  of  the  river  and  displacing 
the  continuation  of  the  Pentillie  outlier  to  the  Devon  shore. 
At  Haltonquay  a  halt  of  half  an  hour  for  luncheon  was  made. 
From  here  to  the  summit  near  St.  Mellion  the  road  follows  a 
broad  valley  occupied  by  Upper  Devonian  rocks,  the  steeper 
slopes  facing  south  bting  devoted  in  places  to  strawberry  culture. 
At  nearly  three  quarters  of  a  mile  west  of  Haltonquay  a  small 
quarry  in  dark  shales  and  grit  with  obscure  plant  traces  was 
inspected.  The  quarry  is  in  a  small  outlier  of  Middle  Culm 
let  down  by  fault.  After  reaching  the  high  road  near  St.  Mellion 
the  party  proceeded  to  a  quarry  in  hard  daik,  more  or  less  cherty, 
Lower  Culm  Measures  beyond  Pol  border,  used  locally  for  road 
metal.  The  relation  of  this  patch  to  the  surrounding  shales  and 
grits  is  not  clear.  From  Polborder  by  the  road  to  Trehill  Farm 
the  party  traversed  Upper  Devonian  Slates,  in  which  the  Director 
had  found  numerous  Cyprids  on  the  west  of  the  latter  Farm.  After 
leaving  the  road  by  a  path  leading  south  they  crossed  a  narrow 
isthmus  of  Culm  shales  and  grits,  proved  by  stones  in  ploughed 
ground,  which  separates  one  inlier  from  another.  Across  it  the 
party  proceeded  to  a  second  narrow  tract  of  Culm  Measures, 
two  sections  in  which  were  visited.  That  on  the  south  showed 
contorted  dark  chert  beds  and  siliceous  mudstones  which  bound 
the  main  mass  of  Upper  Devonian,  exposed  in  a  neighbouring 
road  where  purple  and  green  slates  were  seen.  On  the  north  the 
Upper  Devoriian  Slates  of  the  inlier  are  bounded  by  plant-bearing 
shales  and  grits,  which  were  shown  in  a  small  quarry  in  the  copse 
not  far  below  the  Lower  Culm  section. 

The  party  then  returned  to  Polborder,  where  through  the 
exertions  of  Lieut.  Coke  arrangements  for  a  plentiful  tea  had 
been  provided  in  a  barn,  where,  by  good  happening,  a  chapel 
feast  had  to  be  prepared  for  a  later  hour.  The  Director  having 
arranged  with  the  G.W.R..  for  special  road  motors  to  convey  the 
members  to  SalUsh,  these  arrived  after  tea  and  Plymouth  was 
reached  shortly  before  6  p.m. 

The  map  {¥'i%,  9)  of  the  St.  Mellion  outlier  is  very  strongly 

suggestive  oi  a  considerable  unconformity   between    the   Culm 

Grits  and  shales    and   the    Lower   Culm.      This   is    far   more 

probable  than  any  explanation  of  the  phenomena  by  faults  and 

neariy  honzontal   thrusts,    as   in   the  Newton   Abbot  area   the 
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Middle  Culm  rocks  contain  conglomeratic  beds  with  fragments 
of  Lower  Culm  cherts. 

Dr.  Wheelton  Hind's  correlation  of  the  Lower  Culm  with  the 
Pendleside  series  is  also  suggestive  of  an  unconformity  between 
the  Lower  Culm  and  Upper  Devonian,  which  on  independent 
grounds  seems  by  no  means  improbable. 

Tuesday^  April  2nd, — On  Tuesday  the  elements  hitherto  so 
propitious  proved  less  kindly  than  the  forecasts  led  us  to  expect. 


Cairn  &HtiS  Shahs  t;/^'-  1^    Upp^rDitfcn»on.,  .     (Jjmj_ 

IpwwrCiiim^ ^ HI    g/'on^rit  fj   S^  & 

Fig.  9. — The  St.  Mellion  Culm  lMeasures. 


Arriving  at  South  Brent  station  at  10  a  start  was  made  soon 
after  up  the  road  leading  northward  from  the  station  to  sections 
of  purple  and  buff  sheared  schalstein  tuffs  exposed  at  and  near 
the  cross  roads  south  of  Harbourneford.  The  Director  said  that 
these  rocks  were  of  Middle  Devonian  age,  occurring  in  the  upper 
part  of  that  series,  and  that  they  were  associated  with  limestone 
near  Buckfastleigh.  They  formed  a  part,  as  indeed  all  the  slaty 
contemporaneous  volcanic  rocks  in  the  Upper  and  Middle 
Devonian  of  Devon  and  Cornwall  might  be  said  to  do,  of  the 
Ashprington  volcanic  series  of  the  Totnes  District,  discovered  by 
Champernowneand  correlated  by  him  with  the  Nassau  Schalsteins. 
The  party  were  then  conducted  by  a  lane  on  the  west  of  the  high 
road  to  a  quarry  at  the  foot  of  the  dip  slopes  of  the  igneous  rocks 
which  form  the  salient  feature  of  Brent  Hill.  This  feature  was 
partly  due  to  the  association  of  sheets  of  lava  with  the  tuffs  as  the 
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volcanic  rocks  passed  south-westward  on  a  deflected  strike  within 
the  zone  of  contact  alteration  round  the  Dartmoor  Granite. 
Rain  coming  on  the  party  sheltered  in  the  quarry  as  best  they 
could,  and  obtained  specimens  of  the  Diabase  hornfels.  After 
some  delay  they  returned  to  the  lane,  where  outcrops  of  axinite 
epidote  rock,  a  common  feature  on  the  borders  of  the  altered 
volcanic  rocks,  were  pointed  out  by  the  Director  and  many  good 
specimens  obtained. 

The  threatening  aspect  of  the  weather  then  caused  some  of 
the  members  to  leave  for  Brent  to  catch  an  earlier  train  than 
that  given  in  the  programme.  The  rest  ascended  the  dip  slope 
to  the  Diabase  hornfels  crags  forming  the  summit  of  Brent  Hill. 
Here  on  the  lee  of  the  crags  luncheon  was  partaken  of,  and  the 
Director  pointed  out  the  position  of  the  granite  boundar)-  at 
about  three-quarters  of  a  mile  to  the  west.  The  altered 
sedimentary  rocks,  he  said,  from  near  Ivybridge  by  Brent  to 
Oidley  Bridge,  were  shown  on  the  published  geological  map 
(sheet  349)  as  Culm  Measures.  They  consist  of  homstones  or 
calc-flintas,  and  dark  and  pale  rocks  with  chiastolite.  The 
chiastolite  type  of  alteration  had  not  been  recognized  in  the 
known  Devonian  contact  areas  and  the  banded  homstones  were 
thought  to  represent  siliceous  Lower  Culm  rocks.  Subsequent 
experience  of  other  granite  contact-zones  had,  however,  proved 
that  the  calc-flintas  through  selective  metamorphism  might  occur 
at  any  horizon  in  the  Devonian,  where  fine  grained  calcareo- 
siliceous  rocks  occurred  within  the  aureole ;  but,  as  regards  the 
chiastolite  types,  it  was  still  possible  that  they  might  represent 
altered  infolds  of  fine-grained  dense  Culm  Measures. 

The  rain  still  continuing  those  of  the  party  who  had  to  catch 
the  3.16  train  left  after  seeing  the  fine  dark  tuffs  on  the  lower  slope 
of  Brent  Hill,  the  rest  proceeded  to  the  vicinity  of  Didworthy 
where  the  light  and  dark  rocks  with  chiastolite  are  exposed  in  a 
quarry.  Those  staying  on  then  proceeded  to  Aish,  inspecting  on 
the  way  an  igneous  rock  containing  brown  mica.  It  is  probably 
an  altered  diabase  and  not  100  yards  from  the  granite  junction. 

At  Aish  calc-flinias  or  homstones,  diabase  hornfels  and 
radiating-actinolite  rocks  were  visible,  and  in  the  hard  altered 
rock  under  Lydia  Bridge  good  specimens  of  axinite  were 
obtained.  At  Brent  a  quick  tea  was  served,  and  after  partially 
drying  their  habiliments  the  diminished  contingent  who  con- 
templated making  one  or  more  of  the  extra  excursions,  returned 
by  rail  to  Plymouth. 

Wednesday^  April  T^rd, — On  Wednesday  morning,  in  spite  of 
threatening  weather,  the  President  and  six  members  of  the  party 
who  had  remained  with  the  Director,  assembled  at  Millbay 
Station  and  took  the  9.15  train  to  Menheniot.  Here  they 
inspected  the  Clicker  Tor  picrite,  which  is  associated  with 
ophitic  dolerite,  and  finely  exposed  in  the  railway  cutting  at  the 
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Station.  From  thence  they  proceeded  to  Doddycross,  noting,  by 
the  way,  exposures  of  grey,  purple  and  green  Upper  Devonian 
slates  with  contemporaneous  sheared  tuffs.  Between  Doddycross 
and  Padderbury  numerous  small  Tentaculites  and  impressions  of 
the  characteristic  Cyprids  such  as  Entottiis  serratostriata  and 
E,  gyrata  were  found  in  the  purple  and  green  Upper  Devonian 
slates.  Near  this  evidence  of  a  proterobase  sill  was  noted,  and 
on  the  hill  top  near  Padderbury  Top,  where  the  road  is  cut 
through  a  mass  of  contemporaneous  volcanic  rocks,  an  interesting 
section  was  examined.  Proceeding  southward,  and  crossing  the 
railway,  the  party  struck  across  country  direct  to  Catchfrench 
quarry,  in  dark  grey  Upper  Devonian  slates,  in  which  Styliola  was 
found.  From  here  they  followed  the  high  road,  noting  by  the 
way  a  mass  of  diabase,  to  the  Seaton  Valley,  down  which  they 
proceeded  for  half  a  mile,  crossing  one  of  the  great  structural 
faults  which  shifts  the  Lower  Devonian  outcrop  northward  to  the 
vicinity  of  Clicker  Tor.  The  grey  slates  of  the  Upper  Devonian 
are  here  cut  off  against  rocks  of  the  Meadfoot  group,  an  exposure 
of  calcareous  slates  and  gritty  beds  with  decomposed  fossiliferous 
films  attested  the  presence  of  the  latter  group,  which  further 
south  gave  place  to  the  purplish  and  green  variegated  Dartmouth 
Slates,  the  lowest  member  of  the  Lower  Devonian  in  the  district. 
The  presence  of  these  slates  and  of  occasional  signs  of  igneous 
rock  in  them  was  apparent  on  leaving  the  Seaton  Valley  and 
following  the  road  leading  to  Bindown. 

On  Bindown  hard  buff  and  grey  quartz-veined  grits  make  the 
higher  summit  levels,  and  near  the  road  to  Looe  a  quarry  worked 
for  roadstone  was  visited.  Here  a  highly  silicified  rhyolite  was 
seen  in  intimate  junction  with  the  hard  clastic  rocks,  and 
specimens  were  obtained. 

A  rapid  walk  of  three  miles  from  here  northwards  brought  the 
party  to  Menheniot  Station,  crossing  Dartmouth  Slates,  rocks  of 
the  Meadfoot  Group,  and  Staddon  Grits  on  the  way. 

During  their  stay  some  of  the  members  visited  Dartmoor, 
taking  train  to  Bickleigh,  and  walking  from  thence  across  the 
moor  to  Dousland. 

After  dinner  on  Monday  evening  the  President  proposed  a 
very  hearty  vote  of  thanks  to  the  Director  for  his  trouble  in 
planning  out  such  an  interesting  excursion  and  spoke  of  the 
success  with  which  it  had  been  carried  out.  A  vote  of  thanks 
was  also  accorded  to  Mr.  Dibley  for  the  admirable  way  in  which 
he  had  performed  the  duties  of  secretary  in  connection  with 
the  excursion. 
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ORDINARY    MEETING. 
Friday,  April  sth,  1907. 
R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

A.  H.  Pawson  was  elected  a  member  of  the  Association. 

The  President  read  a  letter  which  he  had  received  from  the 
President  of  the  Geological  Society,  announcing  that  the  Society 
proposed  to  celebrate  its  Centenary  in  September,  and  inviting 
the  Association  to  send  a  delegate  on  the  occasion. 

The  President  stated  that  the  Council  had  requested  him  to 
attend  the  celebration  as  the  delegate  of  the  Association,  and  the 
action  of  the  Council  was  unanimously  confirmed  by  the  members 
present. 

The  following  paper  was  then  read :  "  On  the  Existence  of 
the  Alpine  Vole,  Microtus  nivalis^  in  Britain  during  Pleistocene 
Times  "  by  Martin  A.  C.  Hinton. 

Dr.  C.  W.  Andrews  and  Mr.  A.  S.  Kennard  spoke  in 
appreciation  of  the  value  of  the  paper,  and  the  President  thanked 
the  Author  on  behalf  of  the  Association. 
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EXCURSION   TO    BUSHEY  AND    CROXLEY    GREEN, 
WATFORD. 

Saturday,  April  6th,  1907. 

Directors:  John   Hopkinson,  F.L.S.,  F.G.S.,  and 
H.  KiDNER,  F.G.S. 

Excursion  Secretary :  A.  C.  Young. 

Rtports  by  THE  DIRECTORS. 
i^By  Mr.  Kidner.) 

The  party  left  Euston  Station  by  the  1.20  train,  and  on 
arriving  at  Bushey  was  joined  by  members  of  the  Hertfordshire 
Natural  History  Society.  Permission  of  the  L.  and  N.  W.  R. 
authorities  having  been  obtained  the  party,  now  numbering 
thirty,  was  conducted  along  the  top  of  the  cutting  on  the  west 
side,  where  a  "  trial  hole,"  dug  in  connection  with  the  proposed 
new  railway  from  Watford  to  London,  exposed  a  small  section  of 
the  fine  pale  sand  of  the  Reading  Beds.  The  railway  lines  near 
the  station  are  about  level  with  the  top  of  the  chalk,  and  the 
cutting  passes  through  the  whole  35  feet  of  the  Reading  Beds 
up  to  the  lowest  part  of  the  London  Clay.  Proceeding  over  the 
bridge  which  spans  the  cutting  a  visit  was  made  to  Grover's 
Brickfield  in  Lower  Paddock  Road.  Here  was  shown  a  bed  of 
pebbles,  2^  to  3  ft.  thick,  of  the  Reading  series,  partly  Hertford- 
shire conglomerate  and  partly  loose  pebbles  and  sand.  Below 
was  pale  sand  seen  for  3  or  4  ft.,  having  a  layer  of  pebbles.  The 
beds  above  the  conglomerate  were  obscured  and  could  not  be 
examined.  To  the  right  of  the  pebbles  and  sand  and  level  with 
them  were  seen  Reading  Clays  having  the  Basement  Bed  of  the 
London  Clay  above,  with  its  band  of  pebbles  at  the  top. 

Mr.  Kidner  remarked  that  the  appearances  certainly  seemed 
to  indicate  a  fault,  and  if  the  beds  were  known  to  be  at  all 
regular  when  traced  in  their  vertical  succession  and  lateral 
extension,  one  would  not  hesitate  to  conclude  that  they  were 
faulted  ;  but  the  Reading  sands  and  clays  in  the  neighbourhood 
being  so  variable  he  felt  some  doubt,  and  was  led  to  suggest  a 
possible  alternative  explanation.  Mr.  Geo.  Barrow,  who  was 
present,  said  he  should  have  no  hesitation  in  concluding  that 
there  was  a  line  of  fault  running  approximately  north  and  south, 
and  an  examination  of  the  section  led  to  general  agreement  as  to 
the  correctness  of  this  opinion.  A  downthrow  of  about  7  or 
8  ft.  on  the  east  side  had  brought  the  calcareous  clay  and  the 
clays  below  it  against  the  pebbles  and  sand.  This  conclusion 
was  confirmed  by  pieces  of  the  conglomerate  broken  off  near  the 
fault,  which  were  found  to  have  been  altered  to  ^^  fault-breccia^^ 
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the  pebbles  having  been  crushed  and  reduced  to  angular 
fragments  in  the  faulting,  while  the  siliceous  cement  showed  a 
whitish,  crystalline  surface  due  to  crushing  instead  of  the  usual 
smooth  fracture.  Obviously  the  fault  was  to  be  understood  as 
occurring  in  the  chalk  below  and  involving  the  superincumbent 
Tertiary  Beds.  Mr.  Hopkinson  and  others  said  this  was  the 
best  section  of  Hertfordshire  conglomerate  known  to  them  in  sM, 
the  section  near  Radlett  not  being  so  good.  The  Association 
had  not  previously  visited  this  brickfield,  which  will  be  no  longer 
worked. 

The  Chalk  Pit  near  the  Colne  Valley  Water  Works  was  next 
visited  ;  about  forty  feet  of  chalk  is  seen.  The  Geological  Survey 
Memoir,  "The  Cretaceous  Rocks  of  Britain,"  Vol.  iii,  gives  a 
list  of  fossils  from  this  pit,  and  refers  to  it  as  being  probably  in 
the  zone  of  Micraster  cor-anguinum.  This  view  may  now  be  re- 
garded as  confirmed  and  decided  by  the  finding  of  several  fossils 
characteristic  of  this  Zone.  These  fossils  are:  Micraster  cor- 
anguinum,  Inoceramus  itwolutus^  Echinocorys  scutatus,  Epiaster 
gibbuSy  Cidaris  perornata^  Bourgueticrinus  ellipticus^  and  Theddea 
wetherellL  Most  of  these  were  found  by  Mr.  G.  F.  Brown,  a 
member  of  the  Association.  Mr.  Brown's  fossils,  including  the 
Zonal  index  fossil  have  been  identified  by  Dr.  Rowe,  and  were 
shown  to  those  present  on  the  excursion.  The  Inoceramus  involutus 
(not  previously  recorded  from  this  pit)  is  part  of  the  flat  valve 
and  was  also  shown  to  the  party.  About  this  fossil  there  was  at 
first  some  uncertainty ;  but  Mr.  G.  E.  Dibley  is  sure  about  the 
correctness  of  his  identification,  and  comparison  with  a  perfect 
specimen  in  his  possession  leaves  no  room  for  doubt.  The 
fossils  are  from  the  lower  part  of  the  pit.  The  distinctly  yellow 
colour  of  the  chalk  in  the  upper  part  was  noticed. 

It  may  be  mentioned  that  Messrs.  C.  P.  Chatwin  and  T.  H. 
Withers  subsequently  visited  this  pit,  and  were  able  to  find,  in 
addition  to  those  mentioned  above,  the  following  fossils  : 

Spondyltis  iaius,  Sowerby.  Porosphaera  globularis^  Phillips. 

Osirea  vesicularis^  Lamarck.  Proboscina  ratnosa^  M.  Edwards. 

Plicaiula  sigillina^  Woodward.  Membranipora  sp, 

Serpula  plana^  S.  Woodward.  Hippotlioa  sp, 

Serpula  sp,  Webbina 

The  party  next  walked  to  the  High  Street  Station  and  pro- 
ceeded by  the  3.48  train  to  Rickmansworth.  A  walk  was  taken 
along  the  Canal  towing  path,  and  by  a  short  foot-path  to  the 
extensive  gravel  pits  in  Long  Valley  Wood  north  of  Croxley  Hall. 

{By  Mr.  Hopkinson.) 

A  heavy  shower  of  rain  greeted  the  party  at  Long  Valley 
Wood,  and  the  little  shelter  to  be  had  was  taken  advantage  of. 
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Some  time  was  thus  lost,  but  at  the  first  indication  of  a  cessation 
the  extensive  sections  of  the  fluviatile  gravel  here  exposed  were 
examined.  The  gravel  is  or  has  been  worked  for  a  distance  of 
about  half-a-mile  in  a  north-easterly  direction.  Layers  of  sand 
and  clay  are  interstratified  with  it,  and  the  total  thickness  of  the 
alluvial  deposits  is  from  20  to  30  ft.  They  rest  on  the  Chalk  in 
a  very  uneven  manner,  so  that  it  is  difficult  to  determine  the 
height  of  their  base,  but  it  appears  to  average  about  30  or  40  ft. 
above  the  level  of  the  existing  River  Gade,  on  the  right  bank  of 
which  they  are  situated  at  a  distance  of  about  an  eighth  of  a 
mile.  The  Gade  is  a  tributary  of  the  Colne,  which  here  flows 
from  east  to  west,  and  is  distant  half-a-mile  at  the  eastern  and  a 
quarter  of  a  mile  at  the  western  edge  of  the  gravel  in  Long 
Valley  Wood,  and  this  gravel  should  perhaps  be  considered  as 
part  of  the  alluvial  deposit  of  the  Colne  in  Pleistocene  times 
rather  than  that  of  the  Gade. 

The  layers  of  sand  and  clay  and  some  peculiar  black  bands 
give  to  the  gravel  in  many  places  a  stratified  appearance,  but 
nowhere  horizontal  for  any  considerable  distance — this  conforma- 
tion being  due  in  places  to  cross-bedding,  but  mostly  to  the 
irregular  dissolution  of  the  underlying  Chalk. 

The  gravel  consists  for  the  most  part  of  water-worn  flints, 
some  completely  rounded,  others  sub-angular,  and  also  contains 
quartz  and  quartzose  pebbles.  Its  most  interesting  feature  is, 
however,  the  large  number  of  Palaeolithic  implements  which  have 
been  found  in  it,  occurring  throughout  it,  but  most  numerously 
near  its  base.  A  molar  of  an  elephant,  most  probably  Elephas 
antiquus^  has  been  found  at  a  depth  of  26  ft.  from  the  surface,  and 
also  a  tusk,  believed  to  be  of  the  same  species,  but  this  crumbled 
away  when  touched.* 

At  a  field  meeting  of  the  Hertfordshire  Natural  History 
Society  in  the  summer  of  1906  a  mass  of  sand  and  clay,  with 
Sarsen-stones,  was  seen  in  the  gravel,  and  then  determined  by 
the  writer  to  belong  to  the  Reading  Beds.  This  mass  has,  so 
far  as  possible,  been  preserved  intact  for  the  present  visit  of  the 
Association,  but  the  large  Sarsens  which  were  at  the  top  have 
fallen  down  and  one  of  them  has  been  sent  to  the  Hertfordshire 
County  Museum,  St.  Albans ;  and  the  clay  above  the  sand  has 
shifted  from  the  horizontal  position  in  which  it  was  first  seen. 

The  preservation  in  gravel  formed  by  a  river  of  soft  mottled 
clay  and  loose  white  and  yellow  sand  apparently  in  the  position 
in  which  they  were  originally  deposited  is  difficult  to  account  for. 
The  mass  when  first  seen  was  about  six  feet  in  height  and  ten  in 
width,  and  the  gravel  was  distinctly  arched  above  it,  a  darkish 
band  in  it  showing  the  stratification  very  plainly.  The  gravel  has 
now  been  worked  back  for  some  distance  behind  this  mass  and 
still  shows  a  strongly-marked  arch  or  anticline.     The  sand  was 

•  Sir  John  Evans,  in  rram.  HttU,  Nut,  Hist,  Soc,  vol.  xiii,  p.  66. 
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Stated  by  the  foreman  of  the  gravel-pits  to  go  down  at  least  six 
feet  below  the  present  level  of  the  surface,  which  is  here  close 
upon  the  Chalk.  This  seems  to  indicate  a  "  pipe  "  in  the  Chalk, 
and  it  is  possible  that  the  whole  of  the  gravel  here  is,  as  it  were, 
"  piped,"  that  is  to  say,  let  down  by  the  dissolution  of  the  chalk, 
the  clay  and  sand  of  Reading  age  having  been  preserved  in  their 
present  position  by  the  Sarsen-stones  on  their  surface  and  in  the 
sand.  Another  suggestion  put  forward  whilst  this  structure  was 
being  examined  was  that  the  gravel  has  here  been  washed  down 
from  the  rising  ground  above,  and,  meeting  this  obstacle,  has 
disposed  itself  around  it  in  a  curved  form. 

Whatever  may  be  the  explanation  of  the  preservation  of  this 
mass,  much  interest  was  evinced  in  it,  and  much  speculation  in- 
dulged in.  The  Sarsens  also  were  carefully  examined  and  were 
found  to  be  soft  in  places.  One  is  very  large  and  sharply  split 
across ;  another  is  deeply  mammillated  all  over,  except  possibly  on 
the  side  on  which  it  lies,  which  was  not  seen. 

A  walk  by  the  canal  towing-path  to  Cassio  Bridge  and  thence 
by  the  Rickmansworth  Road  brought  the  party  to  Watford.  A 
substantial  tea  was  served  at  Buck's  Restaurant  in  the  High 
Street,  where  Mr.  E.  T.  Newton,  F.R.S.,  presided  in  the  absence 
of  the  President.  After  the  usual  vote  of  thanks  to  the  Directors, 
those  returning  to  London  left  by  the  7.50  train  from  Watford 
Junction. 
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Saturday,  April  13TH,  1907. 

Directors;   Mr.  J.  Lewis  Abbott,  F.G.S.,  and 
E.  W.  Handcock,  B.Sc.,  F.G.S. 

Excursion  Secretary :  W.  P.  D.  Stebbing. 
(^Reparthy  Mr.  Lewis  Abbott.) 

Thk  party  from  London  arrived  at  Tonbridge  at  2.30,  where 
they  were  joined  by  another  contingent  which  had  come  by 
other  trains,  motors,  &c,  from  various  parts  of  the  coimtry,  in  all 
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about  fifty  in  number.  A  walk  was  at  once  made  to  the  top  of 
Quarry  Hill,  south  of  the  town  above  the  quarry,  from  whence 
was  displayed  the  configuration  of  the  Weald  extending  to  the 
Crowborough  Ridge  on  the  south  and  to  the  Lower  Greensand 
escarpment  on  the  north. 

Mr.  Lewis  Abbott  pointed  out  that  the  Association  were 
about  to  give  special  attention  that  year  to  the  two  Wealdens,  viz., 
beds  of  that  age,  and  those  which,  with  the  present  configuration 
and  features,  had  resulted  from  the  destruction  and  redeposition 
of  those  beds,  and  of  others  which  had  since  been  deposited  in 
the  area.  He  then  gave  what  he  considered  to  be  the  sequence 
of  events  in  N.W.  Europe  from  the  elevation  of  the  Portlandian 
sea  bottom  to  Palaeolithic  times. 

A  large  diagram  had  been  prepared  by  the  Directors  giving  a 
section  from  the  heights  of  the  central  ridge,  through  the  Quarry 
to  the  Folkestone  Beds,  upon  the  Lower  Greensand  escarpment. 
Mr.  Handcock  then  went  into  further  details  of  the  section,  and 
dwelt  upon  the  numerous  faults,  more  especially  the  large  one 
shown  in  the  quarry,  pointing  out  that  it  was  a  strike  fault  with 
its  hade  sloping  southward  at  a  somewhat  low  angle.  The 
upthrow  of  the  Ashdown  Sand  was  probably  150  feet,  since 
over  100  feet  of  Wadhurst  Clay  was  pierced  in  the  well  which 
started  from  the  bottom  of  the  quarry  a  few  yards  to  the  north. 
There  was  nothing  in  the  shape  of  fault  or  crush-breccia. 

The  party  then  divided  into  two,  one  part  going  into  the 
quarry  under  the  guidance  of  Mr.  Lewis  Abbott,  and  the  other 
part  remaining  above  to  hear  further  explanations  by  Mr. 
Handcock.  The  following  is  an  approximate  description  of  the 
Wadhurst  Clay  as  seen  here  in  section : 

ft.  in. 
Yellowish  Clay  .  .  .  Cypridiferous  2  o 
Green  Shaly  Clay    ...  „  20 

Limonitic  Shalv  Clay      .        .  „  06 

Green  Shaly  Cfay    ...  „  40 

Shaly  Clay       ....  „  20 

Green  Shale    ....  „  10 

Green  and  Yellow  Shales  with  layers  of  ironstone 
2  to  4  inches  thick,  4  layers  of  shells  i  to  2 

inches 12    o 

Hematitic  layer  with  Cyrena        ....03 
Brown  and  Yellowish-brown  Shales    ...50 

Clay  ironstone  nodule  bed 06 

Black  Carbonaceous  Clay,  breaking  with  a  short 
hackley  fracture  with  many  Entomostraca 
Equisetum  Lyelliy  bands  of  Paludina  (chiefly 
P,  suisexitniisX  and  Cyrena  limestone,  and 
layer  of  Cone-in-Cone,  f  in.  thick, .  .  Seen  20  o 
**  Similar  beds  '*  pierced  in  well  ....     100    o 
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Large  quantities  of  Entomostraca  were  taken  away  by  members 
of  the  party,  the  lamination  of  the  paper-shales  in  the  upper  part 
being  due  to  these  tiny  crustaceans.  The  lower  black  beds  also 
yielded  immense  quantities  of  Entomostraca,  the  white  shells 
showing  up  very  brilliantly  upon  the  black  wet  clay. 

A  drive  was  then  made  through  Tonbridge  to  Dene  Park  to 
the  north.  Here  the  members  of  the  party  were  entertained  to 
tea  by  Sir  John  Hollams,  who  had  invited  a  party  of  distinguished 
guests  to  meet  the  Association.  A  stoke-hole,  lo  ft.  deep,  had 
recently  been  dug,  the  material  from  which  was  examined.  This 
was  seen  to  be  composed  of  the  wreck  of  the  Lower  Greensand, 
pieces  of  hard  rag,  angular  and  subangular,  and  sometimes  hard- 
worn  chert  and  Old  bury  stone,  with  here  and  there  an  Eocene 
pebble.  Mr.  Lewis  Abbott  also  showed  a  palaeolithic  worked  flake 
from  the  same  gravel.  He  pointed  out  that  the  deposit  was  quite 
different  from  any  ordinary  gravel,  its  composition  and  mode  of 
arrangement  being  most  remarkable.  He  exhibited  the  six-inch 
contour  maps  of  the  surrounding  country  showing  the  various 
patches  of  gravel  (most  of  which  were  implementiferous)  which  lay 
upon  the  Greensand  escarpment,  and  it  was  seen  that  these 
extended  from  the  River  Shode  at  Hadlow  in  a  direction  towards 
the  Darenth  Gorge.  It  was  pointed  out  that  the  elevation  of 
this  Starve  Crow  gravel  precluded  its  belonging  to  the  early  stage 
of  the  Darenth.  Notice  was  then  directed  to  the  Valley  of  the 
Shode  as  it  exists  to-day,  the  banks  of  which  rise  to  700  ft.  O.D. 
on  Shingle  Hill  on  the  west  and  to  550  ft.  at  Hurst  Wood  on  the 
east.  It  was  further  pointed  out  that  as  the  Hythe  limestones 
were  only  about  100  ft.  thick  and  that  their  base  at  Plaxtol 
Spout  was  550  ft.  lower,  it  followed  that  the  valley  was  now  a 
syncline ;  a  fact  which,  despite  sections  to  show  it,  escaped  the 
notice  of  the  Survey.  A  few  yards  north  of  the  first  another 
section  was  opened  which  showed  altogether  different  material, 
and  could  not  be  classed  as  a  gravel,  being  composed  of  a 
confused  mass  of  clay  and  sand  carrying  hard-worn  boulders  of 
Lower  Greensand  debris.  Mr.  Lewis  Abbott  contrasted  this 
with  river  deposits  and  said  he  could  suggest  nothing  but  that  it 
had  been  torn  off  the  face  of  the  Lower  Greensand  escarpment 
and  forced  up  into  this  huge  hummock  at  an  elevation  of  nearly 
300  ft.  O.D.,  with  a  thickness  of  over  thirty  feet,  covering 
several  square  miles,  under  glacial  conditions,  which  conditions 
he  contended  were  supported  by  extensive  evidence  on  the 
escarpment  and  in  the  Holmesdale  Valley.  It  was  during  this 
time  when  a  glacial  tongue  was  piled  up  upon  the  Lower 
Greensand  escarpment  in  a  manner  absolutely  identical  with  a 
case  that  he  had  in  his  mind  in  Alaska  to-day  that  the  extra- 
ordinary downthrow  occurred,  which  reversed  the  direction  of 
the  Shode,  and  carried  its  waters  into  the  Ightham  Fissure, 
under  those  severe  climatic   conditions  shown    by  the  arctic 
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fades  of  its  fauna.  Mr.  Handcock  has  since  made  careful 
analyses  of  the  material  from  the  second  pit,  which  show  the 
materials  to  have  been  derived  from  the  Lower  Greensand,  and 
not  from  the  upper  sandy  member  of  the  Weald  Clay,  as  was 
once  claimed.  Further  details  on  this  question  will  be  published 
later. 

Before  leaving,  the  President,  in  the  name  of  the  Association, 
moved  a  vote  of  thanks  to  Sir  John  Hollams,  both  for  his 
hospitality  and  for  so  kindly  allowing  the  party  to  inspect  these 
interesting  sections.  He  asked  the  members  to  extend  the  vote 
to  Mrs.  Hollams,  who  had  been  so  kind  in  entertaining  them. 
The  vote,  needless  to  say,  was  carried  by  acclamation^  . 

Starve  Crow  brick  pit  was  next  visited,  by  the  kind  per- 
mission of  Mr.  T.  Collins,  the  steward  of  Lord  Derby,  who  had 
had  some  further  excavations  made  for  the  occasion.  Mr. 
Handcock  here  pointed  out  that  although  no  real  zonal  work 
had  as  yet  been  done  in  the  Weald  Clay  he  thought  the  lower 
band  of  Paludina  elongata  was  about  200  ft.  from  the  base,  and 
on  about  the  same  horizon  as  it  occurs  at  Biddenden.  Here, 
however,  there  were  two  beds  of  Cyrena  limestone  at  intervals  of 
about  ten  feet,  the  lower  one  yielding  Planocera  strombiformis^ 
Schlott,  while  a  little  higher  up  two  bands  of  Paludina  tlongata 
limestone  occur,  these  also  being  separated  by  about  ten  feet  of 
shaly,  somewhat  sandy  clay,  of  a  dull  yellowish-brown  hue. 
About  five  feet  above  this  last  there  occurs  a  band  of  cone-in- 
cone  structure  about  three-quarters  of  an  inch  thick.  The 
party  then  walked  back  to  Tonbridge,  where  after  tea  in  the 
Council  Chamber  in  the  Castle,  kindly  lent  for  the  occasion 
by  the  Tonbridge  Council,  a  visit  was  paid  to  the  Museum.  A 
hearty  vote  of  thanks  was  accorded  the  two  Directors,  and  a 
return  was  made  to  London  by  the  7.25  train. 
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EXCURSION    TO    LANE    END,    BUCKS. 

Saturday,  April  2oth,  1907. 

Director:  H.   J.  Osborne  White,  F.G.S. 

Excursion  Secretary:  T.  \V.  Reader. 

{^Report  by  THE  DIRECTOR.) 

The  members,  about  18  in  number,  assembled  at  AVest  Wycombe 
Station  shortly  after  2.0  p.m.,  and  walked  westward,  through  the 
picturesque  village,  to  Myze  (or  Mice)  Farm  on  the  Oxford  Road. 
Here  they  turned  into  the  narrow  lane  leading  up  to  Wheeler 
End  Common,  and  having  listened  to  the  Director's  remarks  on 
the  principal  physical  features  of  the  neighbourhood,  they  turned 
their  attention  to  the  Chalk  exposed,  at  intervals,  in  the  banks  of 
the  lane.  Despite  the  small  depth  and  overgrown  condition 
of  the  sections,  it  was  found  possible  to  trace  a  fairly  complete 
succession  of  beds,  from  the  firm,  greyish-white  chalk  of  the 
higher  part  of  the  Terebrafulina-zon^  up  to  the  softer,  white  and 
flinty  chalk  belonging  to  the  lower  part  of  the  zone  of  Micraster 
cor-anguinum ;  the  thin  but  persistent  marl-band  at  the  base  of 
the  Holaster  planus-zone^  and  the  Chalk  Rock,  a  few  feet  above 
that  band,  being  easily  recognisable.  The  only  noteworthy  fossil 
seen  was  an  example  of  Holaster  placenta  from  the  H,  planus 
beds  just  above  the  Chalk  Rock. 

By  the  gates  of  Denham  Farm,  where  the  lane  opens  upon 
Wheeler  End  Common,  two  blocks  of  Sarsen  were  noticed,  one 
containing  numerous  worn  flints.  In  the  course  of  a  general 
discussion  on  the  derivation  of  such  pudding-stones  in  the 
Chilterns,  it  appeared  that  some  of  the  members  were  disposed 
to  refer  them  to  the  Reading  Beds,  while  others  (including  the 
Director)  thought  that  they  were  more  likely  to  be  remnants  of 
newer  Tertiary  rocks  {e,g.^  Bagshots),  and  that  a  third  party  was 
inclined  to  regard  them  as  cemented  masses  of  drift-gravel. 

The  stony  character  of  the  Clay-with-Flints  which  underlies 
Wheeler  End  Common  was  apparent  along  the  excursion  route, 
where  the  thin,  goose-bitten  grass  failed  to  hide  the  sterile  drift. 

In  a  pit  opened  in  the  side  of  the  little  hill  of  flint 
pebbles,  to  the  west  of  the  cross-roads  at  Bolter  End, 
the  Director  gave  some  account  of  the  rocks  which  compose  the 
important  Lower  Eocene  outlier  of  Lane  End,  and  of  the  dislo- 
cations which  they  have  suff'ered.*  With  reference  to  the  mass 
of  pebbles  exposed,  to  a  depth  of  10  or  12  ft.,  in  the  sides  of 
the  pit  in  which  the  party  were  standing,  he  remarked  that  he 
agreed  with  Messrs.  Whitaker  and  H.  B.  Woodward  in  thinking 

*  See  W.  Whitaker,  "The  Geology  of  London,"  vol.  i,  p.  183.  Also  forthcoming 
G*oL  Survey  Memoir  on  Sheet  954. 
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it  to  be  of  Eocene  age ;  and  Mr.  H.  W.  Monckton,  who  was 
present,  was  also  inclined  to  share  this  view.  The  President 
(Mr.  R.  S.  Herries),  however,  while  admitting  the  Eocene  origin 
of  the  pebbles,  suggested  that  the  deposit  might  be  as  well,  or 
better,  interpreted  as  a  reconstruction,  due  to  the  accumulation  in 
a  hollow  of  the  washings  from  one  or  more  thinner  Eocene 
pebble-beds  formerly  outcropping  at  a  higher  level  in  the  vicinity; 
and  that  its  present  occurrence  on  a  hill  might  be  ascribed  to  the 
resistance  which  such  bodies  of  stones  commonly  offered  to 
denudation.  He  had  in  mind  certain  reconstructed  pebble-beds 
of  the  Bagshot  District. 

In  reply,  the  Director  contended  that  the  bed  was  too 
homogeneous  for  a  reconstructed  deposit.  Had  the  material 
accummulated  in  the  manner  suggested  by  the  President  some 
sub-angular  flints,  quartz  pebbles,  bits  of  Sarsen,  or  other  common 
constituents  of  the  local  drift-gravels,  would  surely  have  been 
incorporated.  A  close  scrutiny  had  failed  to  reveal  any 
constituents  probably  referable  to  the  drift  in  the  body  of  the 
pebble-bed,  though  a  sprinkling  of  such  extraneous  matter 
occurred  in  the  thin  soil  and  wash  near  the  surface.  Moreover, 
the  structure  of  the  bed,  as  shown  by  the  gradation  in  the  size 
of  the  pebbles,  resembled  the  effects  of  current  or  wave  action 
much  more  closely  than  those  of  rain-wash  and  soil-creep.  His 
belief  that  the  bed  was  a  Reading  shingle-bank,  strictly  in  siiii^ 
remained  unshaken. 

Quitting  the  pit,  the  party  next  inspected  a  poor  exposure  of 
part  of  the  Reading  "  bottom-bed  "  in  the  banks  of  the  road  lead- 
ing from  Bolter  End  cross-ways  to  Fingest.  The  bed  there 
contains  angular  blocks  of  very  hard  yellowish  and  grey  limestone 
(altered  chalk)  in  a  matrix  of  ^ne  light-coloured  calcareous  sand 
and  clay.  In  many  respects  this  deposit  resembles  one  which  is 
to  be  seen  near  Bedwyn  in  Wiltshire,  and  which  was  described, 
many  years  ago,  by  Mr.  Whitaker  in  his  paper  "On  a 
Reconstructed  Bed  on  the  Top  of  the  Chalk  and  underlying  the 
Woolwich  and  Reading  Beds."* 

In  the  underlying  flinty  chalk  of  the  M,  cor-^ngutnum-zonQ 
numerous  small  fissures  filled  with  calcareous  sand  containing 
microzoa,  prisms  of  Inoceramus-sheW,  and  other  organic  debris 
from  the  enclosing  rock,  were  noticed.  A  pipe  lined  with  a 
similar  sand  had  been  pointed  out,  near  Bullock's  Farm,  earlier 
in  the  afternoon. 

A  short  walk  south-eastward  brought  the  party  to  the  Lane 
End  sand-pit,  which  was  described  by  the  Director  in  the 
Proceedings  for  1899  ^^^  1906.  With  the  enlargement  of  the 
working  the  section  figured  in  1906  had  undergone  considerable 
changes  in  detail,  but  it  still  clearly  showed  the  pebbly, 
glauconitic,  horizontally-stratified  Basement  Bed  of  the  London 

*Quart.Joum,  Geol.  Soc,  vol.  xvii  (1861),  p.  327. 
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Clay  resting  evenly,  but  unconformably,  upon  the  gravelly  sands 
of  the  Reading  Series.  A  new  excavation  in  the  Reading  Beds, 
made  in  the  floor  of  the  main  working  during  the  early  spring 
of  the  present  year,  showed  the  lenticular  masses  of  rough 
gravelly  material  rising  westward  and  thinning  out  upon  a  bank  of 
yellow  sand.  I'he  section  seen  by  the  Association  in  1899  lay  a 
few  yards  farther  to  the  west  and  exhibited  none  of  the  gravelly 
beds. 

The  members  examined  the  excavations  with  some  care,  and 
although  at  first  inclined  to  regard  the  confused  stratification  of 
the  Reading  Beds  with  suspicion,  and  to  question  the  age  of  the 
overlying  glauconitic  loams,  they  eventually  accepted  the  Director's 
reading  of  the  section  which  formed  the  principal  objective  of  the 
present  excursion. 

After  tea  at  the  adjacent  "  Old  Sun  "  Inn,  the  President,  in 
concluding  a  review  of  fhe  afternoon's  work,  proposed  the  cus- 
tomary vote  of  thanks  to  the  Director,  and  this  having  been  passed 
and  acknowledged,  the  party  returned  to  West  Wycombe  by  Park 
Lane  and  the  pretty  hamlet  of  Towerage. 

On  the  way  back  a  few  exposures  of  Upper  Chalk  were  noticed 
in  passing ;  and  from  a  point  a  little  to  the  north  of  Towerage 
there  was  obtained  a  singularly  pleasing  prospect  in  which  a 
succession  of  steep,  darkly-wooded  spurs,  overlooking  Bledlow 
Bottom,  formed  a  vista  that  led  the  eye  onward  to  a  fresh  green 
down  rising  against  the  sky  at  the  far  end  of  the  valley.  The 
sharp  outlines  of  distant  features  gave  warning  of  I  he  approach 
of  rain,  and  drops  were  already  spotting  the  dust  on  the  Oxiord 
Road  as  the  party  trailed  into  the  railway  station. 
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EXCURSION  TO  AYLESFORD  AND  ALLINGTON. 

Saturdav,  April  27TH,  1907. 

Director :  C  W.  Osman,  M.I.C.E. 

Excursion   Secretary :    A,    C.    Young. 

(/Report  by  The  Director.) 

The  party  left  Cannon  Street,  S.E.  &  C.R.,  at  12.54  p.m.,  and, 
mustering  34  on  arrival  at  Aylesford,  adjourned  to  the  Goods 
Yard,  where  the  Director  from  a  convenient  crane  base  explained 
to  the  members,  with  the  aid  of  diagrams  and  models,  the  object 
of  the  excursion,  namely  the  study  of  the  course  of  the  River 
Medway  in  the  neighbourhood  of  Maidstone. 

The  Director  said  that  in  order  to  understand  the  course  of 
the  Medway  it  was  necessary  to  go  some  way  back  in  geological 
time  and  to  consider  the  general  question  of  the  origin  of  the 
Weald. 

The  history  of  the  Weald  of  Kent  and  Bas  Boulonais  began 
with  the  close  of  the  Oxford  Clay,  at  which  time  a  general  slow 
sinking  of  the  area  from  a  little  south  of  Chatham  occurred,  and 
this  continued  throughout  the  whole  of  the  period  between  the 
Oxford  Clay  and  the  deposition  of  the  Gault.  In  describing  this 
subsidence  Mr.  Whitaker  had  pointed  out  that  the  loss  of  strata 
from  a  point  33  miles  south  to  Chatham  was  no  less  than  3,300  ft.* 
Professor  W.  Boyd  Dawkins  also  gave  an  instance  of  a  similar 
loss  oi  strata  more  to  the  west,  f  so  it  appeared  that  a  great 
wedge-shaped  mass  of  strata,  mostly  clay,  existed  under  the  Weald 
Clay  between  the  Oxford  Clay  and  the  Gault.  In  considering 
the  effect  of  this  the  30  ft.  of  Folkestone  Beds  found  in  the 
Chatham  boring  could  be  disregarded.  Above  the  Folkestone 
Sands  the  Gault  and  the  Chalk  had  been  continuously  deposited 
over  the  whole  of  South-eastern  England. 

The  next  stage  in  the  history  of  the  Weald  occurred  at  the 
close  of  the  Chalk  period,  when,  apart  from  the  general  continental, 
upward  movement,  a  special  elevation  in  the  Weald,  of  a  long, 
oval,  dome-shape,  occurred,  and  the  sea  began  its  work  of  planing 
down,  forming  the  Lower  Eocene  Woolwich  and  Oldhaven  pebble 
beds  from  the  flints  washed  out  from  the  dome.  %  The  perfect 
oval  shape  of  these  pebbles  was  doubtless  due  to  the  strong 
currents  in  the  great  Bay  of  the  Eastern  Sea  of  the  period.  This 
attack  of  the  sea  continued,  sometimes  on  the  north  and  some- 

•  Trans.  S.E.  Union  Scientific  Societies,  1899,  '*The  Deep-seated  Geology  of  the 
Rochester  District." 

t  "  Royal  Commission  on  Coal  Supplies,  Final  Report  1903/*  Diagrams. 
X  W.  Whitaker,  Mem,  Gso,  Surv^,  2889,  voL  Iv,  p.  216. 
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times  on  the  south  side,  almost  continuously  throughout  the 
Eocene  and  Oligocene  periods,  with  the  exception  of  the  London 
Clay  period,  when  the  whole  of  the  Wealden  area  appears  to  have 
been  submerged.* 

Precisely  what  happened  in  the  Miocene  period  is  not  known. 
It  is  usually  assumed  that  our  area  was  a  land  surface,  but 
more  probably  the  denudation  of  the  Weald  was  being  completed. 
However  this  may  be,  the  intimately  connected  Lower  Pliocene 
sea  completed  the  plane  of  denudation  out  of  which  the  present 
surface  of  the  Weald  is  carved,  t  This  plane  of  marine  denuda- 
tion would  seem  to  have  been  a  submerged  plateau  of  about  20 
fathoms,  swept  by  strong  currents  which  removed  all  traces  of 
chalk  pebbles,  and  across  which  the  Lenham  or  Diestian  sand 
advanced  in  a  horizontal  direction  until  its  margin  corresponded 
nearly  with  the  centre  of  the  Weald,  when  a  further  important 
movement  occurred  forcing  the  Wealden  area  above  the  sea  level 
and  bending  the  Diestian  sands  somewhere  along  a  line  south  of 
the  lower  Thames  valley.  With  this  movement  the  modern 
history  of  the  Weald  appears  to  commence. 

The  older  geologists  who  accepted  the  plane  of  marine 
denudation  were  much  puzzled  to  account  for  the  transverse 
direction  of  the  river  courses  across  both  hard  and  soft  rocks, 
and  to  meet  the  case  assumed  that  the  rivers  would  follow  the 
lines  of  transverse  anticlines,  as  the  effect  of  these  would  be  to 
cause  the  lines  of  outcrop  on  the  top  of  the  anticline  to  be 
lower  down  the  dip-slope  than  normal.  Mr.  Topley,  however, 
has  shownj  that  this  assumption  is  not  correct  and  that  the  rivers 
usually  follow  lines  of  synclines,  but  he  gives  no  explanation  of 
how  this  came  about,  and  leaves  us  with  the  plane  of  denudation 
on  which  the  synclinal  lines  of  outcrop  would  be,  in  the  centre, 
higher  up  the  dip-slope  than  normal,  so  that  subaerial  erosion  on 
such  a  surface  would  cause  the  rivers  to  trend  away  from  the 
synclines;  but  such  a  case  does  not  exist,  and  some  further 
explanation  is  therefore  necessary.  This  difficulty  was  further 
illustrated  by  two  models. 

The  later  Eocene  and  Miocene  times  were  periods  of  great 
volcanic  activity  in  North  Ireland  and  West  Scotland,  where 
volcanoes  more  than  rivalling  Etna  were  formed,  and  also  in 
early  Pliocene  times  there  were  tremendous  mountain-forming 
movements  in  progress  such  as  caused  the  making  of  the  Alps, 
and  also  the  further  elevation  of  the  Carpathians  and 
Himalayas.  The  result  of  these  masses  being  piled  up  was 
to  upset  the  equilibrium  of  the  earth,  and  to  restore  this  certain 
earth  movements  followed ;  amongst  these  were  the  subsidence 
of  the  eastern  area  forming  the  North  Sea,  the  lower  Thames 


*  A.  J.  Jukes-Browne,  "  The  Building  of  the  British  Isles,   p.  222. 

t  IbuL,  p.  237. 

X  "  Geology  of  the  Weald,"  M^m,  Geol,  Surv.,  1B75,  pp.  277, 278. 
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valley,  and  the  fornfiation  of  a  remarkable  series  of  monoclinal 
roll  disturbances  in  a  nearly  east  and  west  direction,  which 
Dr.  C.  Barrois  calls  "The  Folding  of  the  Downs."  A  diagram 
was  exhibited  showing  some  sections  across  these  rolls,  near  the 
line  of  the  North  Downs  by  Mr.  Whitaker  and  Mr.  Topley,  and 
across  the  South  Downs  by  Mr.  W.  H.  Bristow,  through  Mount 
Caburn,  near  Lewes,  and  the  coast  section  of  the  Isle  of  Purbeck. 
It  was  pointed  out  that  though  the  dip  of  the  beds  on  the  north 
and  south  sides  of  the  Weald  was  reversed,  these  monoclinal 
rolls  were  precisely  similar  in  character  and  generally  had  the 
peculiar  feature  that  when  denuded  they  showed  lower  beds  to 
the  south  side  of  the  disturbance.  Such  monoclinal  rolls  are  not 
found  in  the  centre  of  the  Weald,  and  from  the  more  sandy 
nature  of  the  Hastings  Beds  we  should  not  expect  them,  but  here 
an  equally  remarkable  series  of  predominating  easterly  and 
westerly  faults  are  found.  Mr.  Topley  states  that  on  Sheet  5  the 
faults  running  approximately  in  an  east  and  west  direction 
amount  to  260  miles,  and  faults  approximately  north  and  south 
only  to  30  miles.*  Their  parallelism,  however,  at  once  suggests 
a  connection  with  the  monoclinal  rolls,  and  if  from  an  examina- 
tion of  these  faults  we  find  that  lower  beds  predominate  on  the 
south  side  we  shall  have  established  another  strong  connection 
with  the  rolls,  and  fill  in  the  gap  between  the  North  and  South 
Downs.  On  Horizontal  Section  Sheet  77  the  faults  with  lower 
beds  to  the  south  have  a  total  throw  of  about  1,135  ^^1  while 
those  faults  with  higher  beds  to  the  south  have  only  a  throw 
of  about  530  ft.  Again  on  Horizontal  Section  Sheet  78  the 
throw  of  the  faults  with  lower  beds  to  south  amount  to  about 
980  ft,  while  those  with  higher  beds  to  the  south  only  equal 
about  400  ft  throw.  There  is  something  more  than  mere 
coincidence  here  and  we  may  safely  assume  these  faults  to  be  the 
equivalents  of  the  monoclinal  rolls,  and  that  the  whole  of  south- 
eastern England,  from  the  Kingsclere  inlier  southwards,  has  been 
similarly  disturbed  at  one  and  the  same  time. 

Referring  to  these  monoclinal  folds  Dr.  C.  Barrois  points 
outf  that  there  have  been  three  important  movements  which 
have  affected  the  English  Channel  region.  The  first  movement, 
called  by  Prof.  Gosselet  "The  Folding  of  the  Ardennes," 
in  Lower  Silurian  times;  the  second,  named  by  Prof. 
Gosselet  "  The  Folding  of  Hainaut,"  occurred  in  the  Coal 
Measures  period ;  the  third  is  called  by  Dr.  Barrois  "  The  Folding 
of  the  Downs,"  and  he  gives  the  Oligocene  as  the  time  of  its 
occurrence.  In  this  date,  however,  he  was  mistaken,  as 
borings  made  by  Mr.  Clement  Reid  in  the  Isle  of  Wight  have 
since  proved  that  the  highest  Hempstead  Beds  are  affected  by 
the  Monoclinal  rolls,  so  that  these  must  be  of  subsequent  age. 

*  "Geology  of  the  Weald,**  Mtm.  Gtd.  Survey,  1875,  pw  237. 
t  Proc,  G$ol,  Assoc.,  vol.  vl,  pp.  34—37. 
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The  great  point  Dr.  Barrois  makes  is  that  these  movements 
have  been  due  to  sudden  thrusts  from  the  south,  causing  these 
disturbances  by  the  relief  of  tangential  strain,  also  that  the  long 
periods  between  these  great  fol^ngs  were  times  of  comparative 
quiet;  but  it  does  not  follow  that  there  were  no  disturbances 
between  these  foldings,  and  an  Oligocene  line  of  disturbance 
has  had  a  great  part  to  play  in  producing  the  geography  of  the 
neighbourhood  of  Maidstone,  neither  do  these  sudden  move- 
ments with  quiet  intervals  preclude  Continental  elevation  and 
depression,  and  a  clear  distinction  must  be  made  between 
Continental  movements  and  those  local  disturbances  which 
produce  small  faults  and  flexures. 


Fig.  10.— Diagram  to  Show  the  Syncline  of  the  Medway. 
— C.  W.  OsmoH,  AfJ.CE, 

Scale  :  Horizontal,  3  miles  ==  I  inch  ;  Vertical,  600  feet  =  i  inch. 


Now  a  thrust  without  an  abutment  to  act  against  would 
simply  cause  translation,  and  we  find  our  abutment  in  that  great 
band  of  Palaeozoic  rocks  called  by  Prof.  Boyd  Dawkins  the 
"  South  Wales  Syncline  "  shown  with  other  tectonic  folds  on  the 
map  accompanying  his  evidence  before  the  Royal  Commission  on 
Coal  Supplies,  (Final  Report,  1905).  At  Aylesford  we  are  near 
the  southern  margin  of  this  fold,  which  appears  to  have  remained 
firm  while  the  tectonic  folds  to  the  south  subsided  and  were 
less  stable. 

We  are  now  in  a  position  to  sum  up.  We  have  a  great  wedge- 
shaped  mass  of  strata,  mostly  clay,  between  the  Oxford  Clay  and  the 
Gault  caused  by  the  subsidence  of  the  Palaeozoic  tectonic  folds  to 
the  south  of  the  South  Wales  Syncline.     A  movement  of  elevation 
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at  the  close  of  the  Chalk  epoch  first  formed  the  Wealden  dome, 
this  was  probably  due  to  the  closing  up  of  that  tectonic  fold 
called  the  North-Devon  anticline.  Then  followed  marine  and 
subaereal  erosion  until,  in  the  Lower  Pliocene  time,  a  plane  of 
marine  denudation  was  formed.  Upon  this  plane,  with  the  great 
wedge-shaped  mass  of  clay  beneath,  came  the  sudden  thrust  and 
crush  of  the  "  Folding  of  the  Downs "  acting  against  the  South 
Wales  Syncline,  and  the  result  would  be  that  the  plane  of  marine 
denudation  would  emerge  from  the  sea  and  be  wrinkled  up, 
where  the  strata  could  t^nd,  with  monoclinal  folds  transverse  to 
the  direction  of  the  thrust,  as  in  the  Weald  and  other  clays ; 
and  where  sandy,  as  the  Hastings  Beds,  parallel  faults 
transverse  to  the  thrust  would  occur.  So  suddenly  would  this 
happen  that  there  would  be  no  time  for  subaereal  denudation 
to  efface  the  rolls  and  synclines  that  would  be  formed,  and  the 
rivers  would  take  these  latter  for  their  courses  and  have  generally 
adhered  to  them  ever  since.  Great  movements  have  taken  place 
since  that  time,  but  these  have  been  mainly  of  a  slow  continental 
character  of  simple  elevation  and  depression  and  have  not 
affected  the  general  detailed  structure  to  any  great  extent. 

In  the  Maidstone  district  we  have  in  the  course  of  the  Med- 
way  a  fine  example  of  a  river  flowing  in  the  bottom  of  synclines. 
Fig.  10  gives  two  diagrams  showing  this  by  the  base  of  the  Hythe 
Beds  and  the  Chalk  Marl  respectively.  The  base  of  the  Hythe 
Beds  is  given  by  Mr.  Topley  ♦  in  illustration  of  the  synclinal 
course  of  the  Wealden  Rivers.  The  syncline  of  the  base  of  the 
Chalk  Marl  is  not  so  clear,  but  undoubtedly  exists,  the  line  of 
the  diagram  is  taken  down  the  dip  slope  from  Trottescliffe  to 
Holborough  and  thence  up  the  dip  to  Harpole  Farm.  Now  if 
we  join  Trottescliffe  and  Harpole  Farm  by  a  straight  line  we  get 
the  true  strike,  as  both  places  are  cut  by  the  300  foot  O.D.  con- 
tour, but  in  spite  of  an  upward  disturbance  we  find  that  the  base 
of  the  Folkestone  Sands  only  touches  the  100  foot  contour  near 
Larkfield,  more  than  a  mile  south  of  the  line  of  strike  ;  the  thick- 
ness together  of  the  Gault  and  Folkestone  Sands  is  about  200  ft., 
so  that  the  base  of  the  Chalk  Marl  would  be  only  300  ft.  O.D.  if 
produced  to  this  point,  and  therefore  a  synclinal  exists  here  as 
well. 

Fig.  1 1  shows  a  section  taken  in  the  opposite  direction  to  the 
diagram  of  Fig.  10,  being  drawn  from  near  Kit's  Cotty  House  in  a 
south-westerly  direction  to  the  Hermitage,  and  thence  due  south 
to  across  the  River  Beult,  so  that  the  Medway  is  twice  crossed. 
At  Messrs.  Brice^s  Quarry  the  base  of  the  Hythe  Beds  cuts 
Ordnance  Datum ;  near  the  Hermitage  the  level  of  the  ground 
is  275  O.D.,  here  there  is  a  thin  layer  of  gravel,  a  sign  only  of 
Folkestone  Beds  and  the  Sandgate  Beds,  say,  altogether,  20  ft. 
The  full  thickness  of  the  Hythe  Beds  given  by  Mr.  Topley  is  70 

*  "  Geology  oi  the  Weald,"  Mtm.  Gtol.  Survty,  p.  377. 
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or  80  ft.  *  SO  that  the  base  cannot  be  less  than  175  ft.  above  O.D. 
and  is  still  rising  to  the  south.  Where  the  Medway  crosses  the 
line  of  section,  near  East  Farleigh,  it  is  on  the  Atherfield  Clay, 
and  the  base  of  the  Hythe  Beds  is  only  between  30  and  40  ft. 
above  O.D.,  showing  that  the  Hermitage  ridge  is  an  anticlinal 
roll  of  the  Weald  Clay.  From  East  Farleigh  the  ground  rises 
very  rapidly  southwards  to  about  430  ft.  O.D.  at  Amsbury  House  ; 
allowing  the  full  thickness  of  the  Hythe  Beds  with  an  increase  to 
the  south,  say  100  ft.,  the  base  cannot  be  less  than  330  ft.  O.D. ; 
so  that  at  East  Farleigh  the  Medway  runs  in  a  strongly  pronounced 
syncline.  Going  south  from  Amsbury  House  the  outcrop  of  the 
Hythe  Beds  is  only  about  200  ft.  O.D.  Therefore  this  ridge  also 
must  be  a  roll  of  the  Weald  Clay.  These  anticlinal  ridges,  both 
running  in  an  East  and  West  direction,  terminate  by  dipping 
down  to  the  Medway.  The  Northern  or  Hermitage  anticline,  as 
far  as  our  area  is  concerned,  commences  on  the  West  at  the 
Plaxtole  Brook,  and  ends  to  the  East  of  the  line  of  section  (Fig.  11), 
between  Allington  and  Maidstone  The  Southern  or  Amsbury 
House  anticline  commences  at  the  Medway,  opposite  Nettlestead, 
and  runs  East  to  about  2  miles  south  of  Harrietsham,  where  it 
is  deflected  towards  the  E.S.E.,  to  form  the  south  side  of  the 
syncline  of  the  Stour.  These  two  anticlines  overlap  each  other 
and  the  Medway  flows  between. 

Now  a  long  line  of  disturbance  with  a  dip  from  10  to 
15  degrees  to  the  N.N.E.  runs  parallel  with  the  outcrop  of  the 
Chalk  and  Gault,  from  near  Wouldham  to  near  Charing.  This 
disturbance  is  parallel  to  the  Oligocene  depression  which  brought 
the  Mediterranean  to  our  shores,  and  also  to  the  estuary  of  the 
great  Oligocene  river,  and  was  doubtless  formed  during  that  age. 
The  section  (Fig.  11)  crosses  this  disturbance  at  about  2  J  miles  (it 
can  be  clearly  seen  at  Messrs.  Brice's  Folkestone  Sand-pit,  on  the 
right  bank  of  the  Medway,  less  than  a  quarter  of  a  mile  east  of 
the  line  of  section).  Against  this  Oligocene  line  of  disturbance 
the  Hermitage  anticline  is  stopped  with  a  considerable  amount  of 
contortion  as  seen  at  Messrs.  Brice's  quarry  (Fig.  12).  The 
Amsbury  House  anticline  also  runs  east  by  south  up  to  this  same 
Oligocene  line  of  disturbance  near  Harrietsham,  which  it  con- 
siderably faults  and  throws  out  of  position. 

A  line  of  disturbance,  such  as  this  Oligocene  one,  acts  as 
a  stiffener  amongst  the  rocks  and  offers  resistance  to  any  force 
impressed  upon  it  from  any  but  a  normal  direction,  precisely  in 
the  same  way  as  a  bend  in  a  piece  of  tin  stiffens  the  plate  in  every 
direction  but  the  bend  itself.  The  Hermitage  and  Amsbury 
House  anticlines  are  rolls  obviously  part  of  the  east  and  west 
disturbance  of  the  "  Folding  of  the  Downs  "  in  Pliocene  times  at 
the  crush  up  of  the  plane  of  marine  denudation,  and  these  rolls, 
together  with  the  older  Oligocene  disturbance,  give  us  a  beautiful 

•  "Geology  of  the  Weald,"  Mtm,  GeoU  Survey,  p.  120. 
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illustration  of  the  effect  of  a  force  impressed  on  a  diagonal  line  of 
resistance  producing  overlapping  and  parallel  replacement  of  lines 
of  flexion. 

The  course  of  the  Medway  in  our  area  can  thus  be  accounted 
for  by  synclines  from  its  entering  into  the  Lower  Greensand  near 
Yalding  as  far  as  Maidstone;  and  also  its  exit  through  the 
syncline  of  the  Chalk  Marl  at  New  Hythe,  but  there  remains 
a  small  portion  of  its  course  in  a  westerly  direction  which  the 
simple  syncline  theory  does  not  readily  explain.  On  the  i-inch 
map  there  is  shown  a  small  fault  in  an  east  and  west  direction  at 
Preston  Hall.  This  fault  is  somewhat  peculiar  in  that  the  strata 
both  on  the  north  and  south  sides  dip  down  to  it,  and  the  throw 
itself  is  very  slight.  The  line  of  the  section  (Fig.  1 1)  cuts  across  the 
eastern  extension  of  this  fault,  and  the  dipping  of  the  rag-beds 
towards  the  south  may  be  seen  in  the  S.E.  &  C.  Railway  cutting 
near  Bridge  No.  935,  while  the  dip  to  the  north  can  be  well  seen 
in  Messrs.  Brice's  quarry.  Doubtless  this  is  one  of  the  results  of 
the  meeting  of  the  Pliocene  Hermitage  roll  with  the  older 
Oligocene  Wouldham-Harrietsham  fold,  with  the  result  that  the 
crush  together  formed  the  double  dip  down  to  this  Preston  Hall 
fault.  This  double  dip  would  be  produced  up  to  the  surface  of 
the  denudation  plane  as  a  small  valley,  and  so  induce  the  original 
course  of  the  Medway.  Since  that  time  the  Medway  has  cut  its 
channel  down  the  dip  slope  of  the  beds  to  its  present  position. 

When  the  Medway  commenced  to  run  as  a  river  at  the  time 
of  the  Pliocene  southern  thrust,  it  was,  of  course,  at  a  very  much 
higher  level,  higher  than  the  Chalk  crest,  and  the  Gault  plain  cor- 
responding to  the  Snodland  brook  marsh  was  some  miles  to  the 
south  ;  the  subsequent  subaerial  erosion  has  lef^  its  traces  in 
patches  of  drift  and  gravel  at  various  levels,  though  the  highest 
of  these  remains  in  our  neighbourhood  is  not  more  than 
330  ft.  O.D.  at  a  patch  two  miles  W.S.VV.  from  the  Hermitage. 
The  section  (Fig.  11)  cuts  three  of  these  drift  patches,  the  highest 
shown  being  at  the  Hermitage  itself.  Great  as  has  been  the 
amount  of  subaerial  denudation  of  the  Medway  valley  as  shown 
by  these  drift  patches,  we  should,  however,  allow  a  consider- 
able credit  on  account  of  the  amount  of  the  original  synclinal 
valleys  formed  when  the  course  of  the  Medway  was  originally 
determined.  Some  idea  of  the  amount  of  this  credit  allowance 
can  be  obtained  from  the  dip  of  the  beds,  where  the  section 
(Fig.  It)  crosses  the  Medway  at  East  Farleigh. 

Some  discussion  ensued  regarding  the  general  question,  and 
the  President  stated  that  the  points  raised  were  of  great  interest 
and  covered  a  wide  field,  and  that  after  they  had  seen  the 
evidence  that  could  be  obtained  during  the  afternoon,  they 
would  be  in  a  better  position  to  appreciate  the  Director's  views. 
Personally,  he  was  under  the  impression  that  the  Pliocene  sea 
did  not  occupy  the  whole  of  the  Wealden  area. 
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The  party  then  walked  to  Preston  Hall  Quarries,  where  they 
were  received  by  Mr.  and  Mrs.  Bensted.  Mr.  Bensted  unfor- 
tunately, owing  to  a  recent  accident  being  unable  to  walk,  could 
not  remain  with  the  party.  The  President  reminded  the 
members  that  Mr.  Bensted  was  a  very  old  friend  of  the 
Geologists*  Association,  and  many  years  ago  acted  as  a  Director 
of  an  Excursion  to  Maidstone.  In  reply,  Mr.  Bensted  said  it 
gave  him  great  pleasure  to  meet  the  Geologists'  Association 
again  after  so  many  years.  It  was  over  thirty  years  ago — in 
April,  1872 — that,  with  Professors  Rupert  Jones  and  Tennant, 
he  directed  a  party  of  the  Members  who  visited  the  Charles 
Museum,  and  his  Iguanodon  Quarry  at  AUington,  and  also 
another  of  his  quarries,  and  he  hoped  to  see  the  Members  again 
soon. 

At  these  extensive  Preston  Hall  quarries  the  Hythe  Beds  are 
seen  dipping  in  the  most  regular  manner  possible  very  gently 
towards  the  north  without  any  sign  of  disturbance.  Over  the 
whole  of  the  west  quarry  the  Hythe  Beds  come  to  the  surface 
without  any  drift,  but  in  the  east  quarry  a  considerable  covering  of 
drift  sand  and  gravel  occurs,  and  in  the  north-east  angle  possibly 
the  Sandgate  Beds  are  in  situ  under  the  sandy  drift.  Fossils, 
chiefly  from  the  lower  lanes  of  Hassock,  were  found  by  the  members 
in  fair  quantity.  After  a  vote  of  thanks  to  Mr.  Bensted  the  party 
proceeded  south  to  Messrs.  Brice's  quarry  near  White  House 
Farm,  here  the  Hythe  Beds  are  seen  much  disturbed,  and  some 
idea  of  the  extent  of  this  can  be  obtained  from  Fig.  1 2.  Going  on 
to  the  south  the  party  inspected  Messrs.  Chittenden  and 
Simmon's  quarry  on  the  west  side  of  the  railway,  opposite 
AUington  Church,  where  the  beds  again  become  more  regular  but 
with  a  dip  to  the  east  towards  the  Medway.  Here  also  may  be 
seen  the  commencement  of  the  brick  earth  pipes.  Still  farther 
to  the  south  the  party  reached  the  S.  E.  &  C.  Railway  quarry  at 
the  east  end  of  the  Hermitage  roll.  This  quarry  is  between  the 
North  Kent  and  Maidstone  East  Railway  lines,  and  where  the 
Medway  makes  a  sharp  bend  and  comes  close  to  the  railway.  At 
this  quarry  numerous  brickearth  pipes  are  found  running  in  a 
north  and  south  direction,  and  the  Hythe  Beds  between  are 
inclined  sharply  down  towards  the  east  and  the  river.  The 
Director  pointed  out  that  while  doubtless  some  of  this  inclina- 
tion was  due  to  underground  water  dissolving  away  the  ragstone, 
tilting  the  beds  and  letting  down  the  drift  and  gravel  into  the 
pipes,  still  no  such  action  could  account  for  the  sharp  down  to- 
east  flexure  that  can  now  be  seen  without  a  break  due  to  the 
pipes,  and  that  it  was  most  probable  that  the  fissures  now  forming 
the  pipes  were  opened  by  the  breaking  across  of  the  hard  ragstone 
beds  by  the  crush  of  the  stoppage  of  the  Hermitage  roll  against 
the  Oligocene  disturbance. 
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A  very  hearty  vote  of  thanks  was  here  accorded  the  Du^ector 
for  a  most  interesting  excursion.  The  Members  then  walked  to 
Maidstone  where  they  enjoyed  an  excellent  tea  and  left  for  London 
by  the  7.41  p.m.  train. 

Fossils  collected  by  Members  of  the  Association  in  Mr. 
Bensted's  Preston  Hall  Quarries  (Hythe  Beds).  Identified  by 
E.  T.  Newton,  F.R.S.,  F.G.S. 

West  Quarry. 

Ammonites       ( Acanthoceras)  Exogyra  sinuata.  Sow. 

martini,  d'Orb.  Gervillia  anceps,  Desh. 

Ancyloceras  gigas.  Sow.  Myacites  sp. 

Nautilus  radiatus,  Sow.  Peden  orbicularis^  Sow. 

Belemnites  sp.  Trigonia  ornata^  d'Orb  (very 
Pleurotomaria  gigantea.  Sow.  abundant). 

Exogyra  conica.  Sow.  Wood. 

East  Quarry. 

Ammonites       {Acanthoceras)  Nautilus  radiatuSy  Sow  (very 

martini,  d*Orb.  abundant). 

Ancyloceras  gigas,  Sow.  Pleurotomaria  gigantea.  Sow. 

Exogyra  sinuata,  Sow. 
N.B. — No  Trigonia  were  noticed  in  this  quarry.     The  lower 
part  was,  however,  full  of  water, 
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ORDINARY  MEETING. 

Friday,    May    3RD,     1907. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,   in  the  Chair. 

The  following  were  elected  members  of  the  Association  : 
Malcolm  Burr,  B.A.,  A.R.S.M.,  F.G.S.,  Simeon  Priest,  F.G.S., 

Browne  Webb. 

The  following  papers,  descriptive  of  the  district  to  be  visited 

at  Whitsuntide,  were  then  read : 

1.  "The  Igneous   Rocks  of  the  Bristol  District."    By  Professor  S.   H. 

Reynolds,  M.A.,  F.G.S. 

2.  "The   Carboniferous    Limestone  Sections  of  Burrington    Combe   and 

Cheddar."    By  T.  F.  Sibly,  B.Sc,  F.G.S. 

3.  **  Note  on  the  Coral  Zones  of  the  Avonian  (Lower  Carboniferous)."  By  A. 

Vaughan,  B.A.,  D.Sc,  F.G.S. 

The  papers  were  illustrated  with  a  large  series  of  lantern  views. 
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The  President  moved  a  vote  of  thanks  to  the  respective 
authors,  and  referred  to  the  great  interest  which  had  been  added 
to  the  study  of  the  Carboniferous  Rocks  by  the  zoning  work  of 
Dr.  Vaughan  ip  the  Avon  gorge  and  its  application  to  other 
districts  by  Mr.  Sibly.  He  also  congratulated  Professor 
Reynolds  on  his  discovery  of  igneous  rocks  of  Silurian  age  in  the 
Mendips.  Mr.  E.  T.  Newton  also  spoke,  and  Professor  Reynolds 
replied. 

A  specimen  of  Nautilus  from  the  Lower  Greensand  quarry  at 
Preston  Hall,  near  Aylesford,  which  had  been  visited  by  the 
Association  on  April  27th,  was  exhibited  by  Mr.  A.  C.  Young. 


EXCURSION  TO  FARINGDON. 

May  4TH,  19P7. 

Director :  Llewellyn  Treacher,  F.G.S. 

Excursion  Secretary:  George  W.  Young,  F.G.S. 

(Rtport  by  The  DIRECTOR.) 

The  stormy  weather  of  the  previous  night  prevented  all  but  the 
most  ardent  field  geologists  making  the  early  start  from  town 
which  was  necessary.  However,  about  a  dozen  members  and 
friends  met  the  Director  at  Challow  Station  at  11.35,  the  London 
contingent  arriving  by  a  train  specially  stopped  for  the  occasion, 
and  the  day  turned  out  beautifully  fine. 

The  party  drove  first  to  Stanford-in-the-Vale,  where,  at  the 
western  end  of  the  village,  they  entered  the  Corallian  quarry 
described  long  ago  by  Dr.  Mantell  in  the  "  Excursions "  at  the 
end  of  his  "  Medals  of  Creation."  The  weathered  face  of  old 
excavations  can  be  seen  surrounding  several  acres  of  ground  on 
both  sides  of  the  main  road  to  Faringdon,  but  the  only  portion 
worked  at  the  present  time  is  on  the  east  side.  The  general 
section  exposed  is : — 

5.  Dark  loamy  soil,  in  which  prehistoric  implements  have  been  found.— 14  ft. 
4.  Coral  Rag — Broken  corals  and  echinoderms,  with  the  interstices  filled  with 

clay — ^4  ft. 
3.  Coralline  Oolite — Hard,  blue-hearted,  flaggy  rock  with  a  few  small  pebbles 

of  quartz,  chert  and  lydian  stone,  the  flagstones  alternating  with 

occasional  layers  of  coarse  rubbly  oolite.--5  ft. 
2.  Coarse  oolitic  sand — 6  inches,  passing  down  into. 
I.  Lower  Calcareous  Grit — Yellow  sand,  false-bedded  in  places.     Water  at 

bottom  of  quarry — about  3  ft.  shown. 

The  relative  proportions  of  the  hard  and  soft  layers  of  Bed  3 . 
vary  somewhat  when  traced  along  the  face  of  the  quarry,  but  the 
composition  and  thickness  of  the  other  beds,  of  the  coral  bed  in 
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particular,  remain  very  constant.  The  coral  bed  appears  to  form  the 
sub-soil  over  some  extent  of  country  hereabouts,  and  was  formerly 
much  used  for  road  metal;  remains  of  old  workings  being 
noticed  in  many  places  near  the  roadsides.  The  Kimeridge  Clay 
comes  on  at  the  other  end  of  Stanford  village,  where  it  is  dug  for 
brickmaking. 

Although  but  little  time  was  allowed  for  collecting,  a  fair 
number  of  fossils  were  obtained,  including,  from  Bed  2,  Exogyra 
nana,  Ostrea  (a  medium-sized  form),  Belemnites  abhreviatus  (worn 
and  covered  with  small  oysters).  From  the  hard  crystalline 
matrix  of  Bed  3  specimens  could  only  be  extracted  with  difficulty, 
but  Gervillia  aviculoides^  Trigonia  perlata  and  teeth  of  Lepidotus 
maximus  were  noted.  The  Corals  in  Bed  4  were  chiefly  belong- 
ing to  the  genera  Thecosmilia,  Thamnastrea  and  Isastrea,  in 
rather  poor  condition,  associated  with  Cidaris  florigemma  (tests 
and  spines),  Pseudodiadema  versipora,  Lithodomus  incbtsus^ 
Idttorina  tnuricata  and  Pecten  articulates.  No  division  between 
the  palseontological  zones  could  be  detected  owing  to  the  lack  of 
the  zonal  Ammonites  in  place,  but  a  fragment  of  A,  perarmatus 
was  found  among  the  oolitic  debris  of  Bed  3,  so  that  either  this 
species  occurs  here  above  its  proper  zone,  or  the  zone  of  A, 
plicatilis  must  be  extremely  thin  in  this  district 

The  drive  was  then  continued  about  a  mile  farther  along  the 
main  road  to  Faringdon  to  a  large  quarry  near  the  cross-road 
from  Hatford  to  Shellingford.  The  section  is  much  the  same  as 
at  Stanford,  except  that  the  quarry  being  situated  higher  up  the 
dip-slope  the  bottom  is  free  from  water,  and  it  can  be  worked  to 
a  greater  depth.  The  lower  sands  are  more  current-bedded  and, 
like  the  overlying  oolite,  contain  a  good  deal  of  wood.  Bed  3 
is  rather  thicker  than  at  the  last  quarry,  and  there  are  more  of 
the  rubbly  oolitic  layers  and  much  pisolite.  Its  variable  nature 
prevents  any  more  detailed  section  being  given,  as  such  would 
only  apply  to  one  particular  spot,  but  the  whole  may  be  com- 
pared with  that  given  by  Messrs.  Blake  and  Hudleston,  as  seen 
by  them  in  the  Workhouse  Quarry,  Faringdon.  Additional 
fossils  were  Pygaster  umbrella^  Echinobrissus  scutatus,  Belemnites 
nitidus,  Myacites,  Avicula,  Pecten  lens  and  Lima  Iceviuscula,  In 
one  part  of  the  quarry  the  coral  bed  (4)  is  largely  made  up  of 
stiff  clay,  a  small  piece  of  which,  when  washed,  yielded  many 
perfect  specimens  of  Theddium  omatum,  spines  of  Cidaris 
spinosa  and  Asteroid  ossicles.  Two  claws  of  Goniocheirus  cristatus 
and  a  tooth  of  Pliosaurus  complete  the  list.  No  Ammonites 
were  seen  in  place,  but  the  workmen  had  put  by  specimens  of 
A,  perarmatus^  A,  cordaius,  A.  plicatilis  and  A.  varicostatus,  all 
apparently  from  Bed  3. 

Proceeding  towards  Faringdon  the  road  rises  gently'  but 
persistently  up  the  dip-slope  of  the  Corallian  to  the  foot 
of  the    hill,    on    the    crown    of    which  grows    the    group    of 
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pine  trees  known  as  Faringdon  Clump.  At  the  top  of  the  first 
ascent^  near  the  old  brickyard,  a  halt  was  made  for  the  purpose 
of  observing  the  physic^  features  of  the  district.  Looking 
towards  the  south-west,  immediately  in  front  is  the  little  valley 
which  breaches  the  main  escarpment  north-west  of  Faringdon, 
and  running  through  the  town  opens  out  into  the  Vale  of  White 
Horse,  near  Shellingford.  The  floor  of  this  valley  is  here 
paved  with  Corallian  rocks,  and  on  its  opposite  side  rises  the 
long  north-west  and  south-east  ridge  of  the  Sponge-gravel, 
capped  at  its  southern  end  by  an  outlier  of  ironsands,  similar 
to  those  forming  the  highest  part  of  the  hill  under  the  Clump. 
On  the  eastern  side  of  the  ridge  the  Sponge-gravel  rests  directly 
on  the  Corallian,  but  on  the  west,  near  the  village  of  Little 
Coxwell,  some  thickness  of  Kimeridge  Clay  comes  between. 
The  Sponge-gravel  does  not  appear  to  cross  the  Faringdon 
valley,  as  the  ironsands  of  the  Clump  rest  directly  on  Kimeridge 
Clay,  which  was  formerly  worked  in  the  brickyard  close  by.  . 

A  small  pit  near  the  road  showed  a  section  of  the  sands. 
They  appeared  to  be  well  stratified  with  thin  layers  of  clay  and 
blocks  of  cherty  sandstone,  the  harder  parts  of  which  are  largely 
composed  of  small  spicules  of  siliceous  sponges,  like  those 
figured  by  Dr.  Hinde  as  belonging  to  the  genus  Geodia,*  A 
sample  of  the  clayey  material  when  washed  yielded  many  pieces 
of  shells,  one  small  Terebratula  and  a  fragment  of  the  Bryozoan 
Petalopora  Cunningtoni^  (Gregory),  all  completely  silicified.  Mr. 
Osborne  White  noticed  grains  of  glauconite,  but  there  was  no 
trace  of  calcareous  matter.  The  age  of  the  sands,  and  of  the 
Sponge-gravel,  was  at  one  time  a  matter  of  dispute,  but  it  is 
now  generally  allowed  that  they  belong  to  the  Lower  Greensand, 
the  whole  of  the  deposits  probably  representing  the  greater  part 
of  that  period.  In  the  opinion  of  the  Director,  the  geological 
succession  of  events  in  this  neighbourhood  was  somewhat  as 
follows  :  After  a  wide-spread  denudation  of  the  Kimeridge  Clay 
down  to  within  a  few  feet  of  its  base,  a  narrow  north-and-south 
channel  was  cut  still  deeper  and  some  way  into  the  Corallian  Beds. 
This  channel  was  then  filled  up  with  the  Sponge-gravel,  and  over 
all  was  laid  down  a  thick  mass  of  the  Ironsands.  Subsequent 
denudation  has  removed  the  greater  part  of  the  last  deposit, 
leaving  only  a  few  outliers  on  the  hill-tops  at  the  Clump, 
Badbury  Hill,  and  near  the  village  of  Fernham,  while  the 
Sponge-gravel  has  been  preserved  almost  intact.  Although  it 
occupies  an  area  of  not  more  than  two  miles  in  length  by  half-a- 
mile  in  breadth,  it  is  doubtful  if  it  ever  had  a  much  greater 
extension,  except  perhaps  towards  the  north,  in  which  direction 
it  may  have  rested  on  the  Oxford  Clay,  if  it  is  correct  that  fossils 
derived  from  that  formation  have  been  found  in  the  gravel. 

The  party  then  drove  through  Faringdon  and  for  some  distance 

*  Fossil  Sponge  Spicules,  plate  a.    Munich,  18 33 
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along  the  Highworth  road,  to  a  point  whence  a  fine  view  was 
obtained  of  the  plain  of  Oxford  Clay  stretching  away  northward 
across  the  valley  of  the  Upper  Thames,  with  the  dip-slope  of 
the  Cotswolds  rising  beyond.  Noteworthy  features  of  the 
landscape  were  Badbury  Hill  on  the  left,  the  wooded  ridge  of 
Buscot  standing  up  in  the  plain  to  the  north-west,  and  the  pic- 
turesquely-situated town  of  Faringdon  lying  along  the  hillside 
below  the  Clump  on  the  right.  A  disused  quarry  close  to 
the  road  showed  the  Coral  Rag  running  up  to  the  edge  of  the 
hill,  thus  protecting  the  underlying  Oxford  Clay,  and  keeping  up 
the  steep  northern  face  of  the  escarpment. 

Returning  towards  Faringdon  a  brief  visit  was  paid  to  Mr. 
Bowler's  pit  in  the  Sponge-gravel  on  the  north  side  of  the  Swindon 
Road.  This  is  the  most  northerly  exposure  of  the  deposit  to  be 
seen,  and  it  is  here  more  than  20  ft.  thick.  The  material  is 
finer  and  softer  than  in  any  of  the  other  pits,  the  larger  fossils, 
such  as  sponges,  are  much  less  numerous,  but  there  are  plenty 
of  the  smaller  kinds.  The  Bryozoan  known  as  Eadiopora 
pustulosa  is  particularly  abundant. 

The  brake  was  left  here  and  the  remainder  of  the  programme 
carried  out  on  foot.  Proceeding  towards  Little  Coxwell  the  old 
"  Windmill "  pit,  now  Mr.  Purbrick's,  was  reached,  and  found  to 
be  as  prolific  as  ever.  The  Sponge-gravel  is  almost  entirely  made 
up  of  organic  remains,  the  inorganic  portion  consisting  of  fine 
quartz  sand  with  a  few  pebbles  of  quartz,  lydian  stone,  chert, 
etc.  Although  the  face  of  the  quarry  stands  up  perpendicularly 
for  more  than  30  ft.  yet  the  texture  of  the  deposit  is  fairly  loose 
except  in  places  where  it  is  hardened  into  crystalline  masses 
parallel  to  the  bedding  planes.  The  absence  of  finer  or  clayey 
material  is  remarkable.  If  a  sample  of  the  gravel  is  washed  the 
only  discolouration  of  the  water  will  be  from  iron  stains.  It  is  this 
quality  which  gives  the  gravel  its  economic  value  and  causes  it 
to  be  in  great  request  for  footpaths  and  garden  walks.  It  retains 
its  bright  colour  well,  and  is  so  absorbent  of  water  that  its  surface 
keeps  dry  in  the  wettest  weather.  As  the  extent  of  the  workings 
show  it  is  not  only  used  in  the  immediate  neighbourhood  but 
also  exported  to  long  distances. 

The  fossils  may  be  divided  into  two  classes,  the  contem- 
poraneous and  the  derived.  Among  the  latter  have  usually  been 
placed  the  Belemnites,  but  Mr.  Lamplugh  has  questioned  the 
correctness  of  this  arrangement,  and  comparing  them  with  the 
Belemnites  speetonensis  of  the  North  of  England  has  suggested 
that  they  may  be  of  the  age  of  the  Sponge-gravel  or  some  earlier 
Lower  Greensand  deposit.  With  reference  to  this  it  should  be 
noted  that  the  Faringdon  specimens  also  resemble  Belemnites 
nitiduSy  a  species  very  common  in  the  Kimeridge  Clay  of  the 
neighbourhood.  On  the  previous  evening  the  Director  had 
obtained  seventy-six  specimens  of  this  form  which   had  been 
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found  in  a  well  dug  in  the  Kimeridge  Clay  at  Longcot,  about 
two  miles  south  of  the  "  Windmill "  pit. 

Of  the  other  fossils  the  most  important  are  the  sponges,  the 
larger  forms  of  which  were  known  to  early  collectors  as  "  petrified 
salt-cellars."  They  all  belong  to  the  group  of  Calcisponges,  and 
about  eighteen  species  have  been  described  by  Dr.  Hinde  and 
Mr.  E.  C.  Davey.  Recently  the  Director  has  discovered  an 
example  of  another  form,  now  in  the  Jermyn  Street  Museum, 
which  Dr.  Hinde  thinks  is  an  undescribed  Lithonine  Sponge,  and 
that  sponges  of  this  group  have  not  hitherto  been  noted  from  the 
Lower  Greensand. 

Greatly  exceeding  the  sponges  in  numbers,  in  species,  and 
possibly  even  in  total  bulk,  are  the  Bryozoa.  These  minute 
organisms  occur  both  as  free  twig-like  objects  and  also  as 
encrustations  on  sponges,  shells,  pebbles,  and  even  on  the  free- 
growing  Bryozoa,  hardly  any  suitable  surface  being  exempt  from 
their  growth.  Sharpe  and  Davey  have  published  lists  of  the 
species,  many  of  which  they  have  identified  with  foreign  forms 
from  other  horizons,  but  their  nomenclature  is  sadly  in  need  of 
revision.  Dr.  J.  W.  Gregory  has  done  something  towards  this  in 
his  British  Museum  Catalogue,  but,  unfortunately,  the  poverty  in 
Faringdon  specimens  of  the  collection  at  South  Kensington 
caused  several  species  to  be  omitted  from  that  work.  Mr.  VV.  D. 
Lang  has  identified  one  of  the  common  smaller  forms  as  Sipho- 
dictyum  gracile,  a  species  recorded  from  the  Lower  Aptian  of 
Atherfield  and  the  Upper  Aptian  of  Folkestone. 

The  fossils  most  sought  after  by  collectors  are  probably  the 
Echinoderms.  Of  these,  many  remains  of  Cidaris  are  found, 
but  always  as  detached  plates  and  spines.  They  are  all  usually 
assigned  to  Cidaris  Faringdone?istSy  but  there  appears  to  be 
another  species  present,  the  spines  of  which  differ  from  those  of 
C.  Faringdonensis  by  the  absence  of  the  long,  smooth  neck  which 
characterises  that  form  and  they  rather  resemble  those  of  C 
preiiosa. 

The  commonest  Echinoderm  is  the  Peitastes^  of  which  several 
species  have  been  recorded,  but  after  examining  some  hundreds 
of  specimens  the  Director  is  of  opinion  that  although  in- 
dividuals may  be  found  which  appear  to  differ  almost  speci- 
fically from  each  other  yet  the  majority  are  intermediate  forms, 
and  as  these  cannot  be  ignored  it  is  not  very  easy  to  draw  a 
hard  and  fast  line  between  one  so-called  species  and  other.  He 
therefore  prefers  to  call  them  all  varieties  of  Peitastes  IVrightii, 
At  the  same  time  it  should  be  remembered  that  nearly  all 
the  specimens  are  so  much  encrusted  and  so  difficult  to  clean 
that  their  finer  details  cannot  always  be  made  out.  Among 
those  recently  discovered  are  two  which,  although  in  general 
appearance  much  like  Peitastes^  yet  have  the  apical  system  of  a 
true  Sahnia.  Dr.  F.  A.  Bather,  who  has  kindly  examined  them, 
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thinks  they  are  nearly  allied  to  Salenia  gibba.  Another 
Echinoderm,  which  may  be  noticed  here,  is  one  of  which  Dr. 
Bather  says  :  "  It  is  probably  one  of  the  Fygasterida  allied 
to  Pygaster  or  Pileus,  I  have  not  as  yet  found  the  species 
described." 

Other  fossils  include  the  Brachiopods,  which  are  fairly 
numerous  and  have  usually  been  relied  on  for  the  determination 
of  the  age  of  the  deposit.  Lamellibranchs,  except  those  of 
the  Ostrea  family,  are  not  common,  and  Gasteropods  are  almost 
entirely  wanting. 

In  the  short  time  at  their  disposal  the  members  were 
fortunate  enough  to  obtain  examples  of  most  of  the  characteristic 
fossils,  including  a  good  number  of  teeth  and  bones  of  Saurians 
and  Fishes. 

By  kind  permission  of  Mrs.  Roberts  the  party  then  took  a 
short  cut  across  some  cornfields  to  a  pit  on  the  eastern  slope 
of  the  ridge,  in  what  is  known  as  the  Red-gravel.  This  material 
is  of  a  darker  colour  than  the  Sponge-gravel  proper,  owing  to  the 
presence  of  a  thin  film  of  iron  covering  each  of  its  constituent 
parts,  and  giving  some  of  the  larger  fossils  a  curious  velvety 
appearance.  The  sand  is  coarser  and  pebbles  are  more 
abundant,  but  except  in  the  numerical  proportion  of  the  organic 
remains  there  does  not  appear  to  be  any  palaeontological  differ- 
ence between  the  two  deposits,  the  only  fossil  peculiar  to  the 
Red-gravel  being  the  Echinoderm  Trematopygus  Davidsani, 
The  large  NauttluSy  long  supposed  to  occur  only  in  this  pit,  has 
been  noticed  by  the  Director  at  least  twice  in  the  "  Windmill " 
pit  The  Red-gravel  is  generally  considered  to  overlie  the 
Sponge-gravel,  but  this  is  open  to  doubt,  and  probably  nothing 
short  of  a  deep  cutting  joining  the  main  excavations  would 
definitely  settle  the  matter.  Near  the  top  of  the  Red-gravel  in 
this  pit  are  some  layers  of  a  lighter  colour  and  looser  texture 
than  the  rest  of  the  material,  a  fact  which  is  even  more  notice- 
able in  a  small  pit  farther  to  the  east  across  some  fields,  to 
which  time  would  not  allow  of  a  visit. 

Mr.  Hunt,  who  works  the  Red-gravel  pit,  had  most  kindly 
reserved  his  recent  finds  specially  for  this  occasion,  so  that  the 
members  were  able  to  secure  some  fine  specimens  of  the  large 
Nautilus^  together  with  various  sponges  and  other  fossils,  in- 
cluding two  internal  casts  of  a  large  Pkurototnaria  and  one  valve 
of  a  SpondyluSy  which  Mr.  R.  B.  Newton  thinks  is  near  to  the 
Spondylus  Brunneri  of  Pictet  and  Roux,  recorded  from  the 
Aptian  of  Switzerland. 

The  heavily-laden  party  then  returned  by  Sand  Lpane  to 
Faringdon  for  tea,  af^er  which  the  President,  in  proposing  a  vote 
of  thanks  to  the  Director,  remarked  that  they  had  proved  it 
possible  to  make  a  one  day's  excursion  to  Faringdon  successful, 
and  he  hoped  that,  although  it  was  fifteen  years  since  their  last 
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visit,  it  would  not  be  so  long  before  the  Association  again  visited 
that  interesting  district. 

The  members  then  dispersed  to  their  various  destinations,  the 
railway  party  leaving  by  the  6.0  train. 

REFERENCES. 

Geological  Survey  Map,  Old  Series,  Sheets  13  and  34. 

OrdnaDce  Survey  Map,  New  Series,  Sheet  253. 

Ordnance  Survey  Maps,  6-in.  scale,  Quarter-sheets,  Berkshire  viii,  S.E.,  and 

viii,  S.W.,  price  is.  each. 
1844.    Mantbll,  G.  a.—-*'  Medals  of  Creation"  many  references. 
1850.    Austen,  R.  A.  C— *'  On  the  Age  and  Position  of  the  Fossiliferous 

Sands  and  Gravels  of  Faringdon,*'  Quart,  Journ,  Gfl,  Soc,^  voL 

vi,  p.  4S4. 
1852.    Davidson,  T.— "  British  Cretaceous  Brachiopoda,"  p.  3,  PahtwU  Soc. 
1854.    Sharpe,  D.— '*0n  the  Age  of  the  Fossiliferous  Sands  and  Gravels 

of  Faringdon,"  Quart,  Journ,  Gtol.  Scc.^  vol.  x,  p.  1 76 
1858.    Ramsay,  A.  C,  and  others  — *'  Geology  of  Parts  of  Wiltshire  and 

Gloucestershire,"  Mtm.  Gtol,  Survty^  p.  30. 
1 861.    Hull,  E.,  and  WnrrAKER,  W.~**  Geology  of  Parts  of  Oxfordshire 

and  Berkshire,"  Mitn.  Gtol.  Survey^  p.  13. 
1864.    Meyer,  C.  J.  A.—"  Three  Days  at  Faringdon,"  GeoUgvtt,  vol.  vii,  p.  5. 
1864.83.    Wright,  T. — "  British  Creuceous  Echinodermata,"  Palttont,  Soc. 
1874.    DaVey,  E.  C— "  The  Sponge-Gravel  Beds  of  Coxwell  and  Faringdon," 

Wantagt^  Pavur  and  Rohtrts, 
1874.    Davidson,  T. — "British  Cretaceous  Brachiopoda,"  p.  ai,  Palaont, 

Soc, 
1876.     HUDLBSTON,  W.  H. — "  Excursion  to  Faringdon."  Proe   G0OL  Assoc., 

vol.  iv,  p.  548  (Part  9,  8d  ).    See  also  "  Record  of  Excursions,** 

p.  279. 

1876.  Barrois,  C. — "  Recherches  sur  le  Terr.  Cr^t.  Sup.  de  TAngleterre, 

etc.,"  p.  143,  Zt7/f, 

1877.  Davey,  E.  C. — ^'  Catalogue  of  Fossils  from  the  Cretaceous  Beds  of 

Berkshire."  Waniagt,  H,  N,  NUhok, 
1883.    HiNDE,  G.  J.-— "  CaUlogue  of  the   Fossil  Sponges  in  the  British 

Museum,"  4to.,  J  ondon. 
1887.     Blake,  J.  F.,  and  Hudleston,  W.  H.— "  The  Corallian  Rocks  of 

England,"  Quart.  Journ,  Geol,  Soc.^  vol.  xxxiii,  p.  301. 
1893.     HiNDK,  G.  J.,  and  WOODWARD,  H.  B. — "  Excursion  to  Faringdon," 

Proc,  Giol.  Assoc.,  vol.  xii,  p.  327  (Part  8,  is.). 
1895.    Woodward,  H.  B. — "Jurassic  Rocks  of  Briuin,"  vol.  v,  p.  I3i. 

Mtm,  Geol,  Survey, 
1899.    Gregory,  J.  W. — "  Catalogue  of  the  Cretaceous  Bcyozoa  in  the 

British  Museum,**  vol.  i,  8vo.,  London, 
1899-190—.    Woods,   H. — "British  Cretaceous  Lamellibranchia,"  Pakeont, 

Soc, 
1903.    Lamplugh,  G.  W. — "  Belemnites  of  the  Faringdon  Sponge-Gravels," 

Giol.  Mag,,  dec.  4,  vol  x,  p.  32. 
i9o(?),    Davey,  E.  C. — **  The  Neocomian  Sponges,  etc.,  of  Little  Coxwell, 

near  Faringdon,"  London,  Dulau  and  Co. 


[22 


EXCURSION  TO  CRAYFORD  AND  DARTFORD 
HEATH. 

Saturday,  May  iith,  1907. 

Directors  :  R.  H.  Chandler  and  A.  L.  Lbach. 

Excursion  Secretary :  A.  C.  Young,  F.C.S., 

(^Riport  by  The  DIRECTORS.) 

The  party,  49  in  number,  met  at  Crayford  Station  at  3  p.m., 
and  walked  towards  the  great  gravel  pit  at  Wansant  on  the 
northern  edge  of  Dartford  Heath.  Near  the  railway  the  Chalk 
was  noted,  overlain  by  re-sorted  Thanet  Sand,  and  higher  up  the 
hillside  the  Thanet  Sand  was  seen  in  sitH  just  below  the  working 
floor  of  the  pit.  A  small  patch  of  Tertiary  pebbles,  resting  on 
the  Thanet,  appears  to  be  the  remnant  of  a  drift  derived  as  "  run 
of  the  hill,"  from  the  high  ground  west  of  the  Heath. 

The  Directors  made  the  following  remarks  on  the  position 
and  constituents  of  the  Dartford  Heath  drifts. 

Dartford  Heath  lies  near  the.  foot  of  the  northern  dip-slope 
of  the  Chalk,  and  in  the  angle  between  the  rivers  Cray  and 
Darent,  which  unite  before  entering  the  Thames.  The  Heath 
is  thus  well  within  the  basin  of  the  Thames,  and  is  distant  only 
two  miles  from  the  present  course  of  that  river.  The  drift 
deposits,  which  include  sands,  gravels,  and  brick- earths,  rest  at 
from  85  to  100  ft.  O.D.  on  Thanet  Sand  or,  where  this  has  been 
entirely  removed  by  denudation,  upon  the  Chalk. 

Wansant  pit  shows  no  brick-earth,  but  false-bedded  sands 
and  gravels  upwards  of  40  ft.  thick,  resting  on  Thanet  Sand  at 
90  ft.  O.D.  The  top  layer  of  gravel — "  Dartford  Heath  gravel" 
of  commerce — consists  chiefly  of  sub-angular  flints  in  a  stiff 
clayey  matrix,  and  rests  on  a  more  or  less  uneven  surface  of 
the  false-bedded  sands.  The  deposits  appear  to  be  fluviatile 
drifts  lying  at  ihe  same  level  as  the  Swanscombe  and  Galley  Hill 
gravel  spreads;  contemporaneous  and,  originally,  continuous  with 
them,  but  now  separated  from  them  by  the  subsequent  erosion 
of  the  Darent  valley.  Dartford  Heath  thus  belongs  to  the 
highest  terrace  that  can  be  definitely  associated  with  the  drainage 
system  of  the  present  Thames. 

The  Thames,  Darent,  and  Cray  have  all  contributed  material 
to  this  deposit,  and  the  influence  of  the  Thames  is  very 
strongly  shown  by  the  presence  of  many  erratics,  which  may 
be  traced  to  the  glacial  gravels,  boulder-clays,  and  high  level 
gravels  of  the  Upper  Thames  Valley,  and  thence  into  the 
Midlands  and  West  of  England.  Excluding  the  flints,  which 
form  the  bulk  of  the  gravels,  the  rocks  fall  into  two  groups. 
(A)  Rocks  brought  down  by  the  Thames :  these  include  the 
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spotted  and  liver-coJoured  "  Bunter  "  quartzites ;  Crinoidal  chert 
(Carboniferous) ;  "  Rhaxella "  chert  (Oolitic) ;  Radiolarian  and 
reticulated  cherts  (Bunter) ;  "  Tourmaline "  grits  (West  of 
England) ;  Hertfordshire  "  pudding-stone  " ;  large  Sarsens  ;  pink 
granites ;  quartz  mica  schist ;  vein  quartz ;  and  various  weathered 
igneous  rocks  and  altered  sedimentary  rocks. 

Note— Mr.  J.  Vincent  Elsden.  B.Sc.,  F.G.S.,  writes  as  follows  on  some  sections  of 
pebbles  from  Wansaat,  submitted  to  him : 

"  Dr.  Salter  and  I  have  looked  at  the  specimens,  which  are  sediments  more  or  less 
altered.  The  tourmaline  i^rits  and  the  radiolarian  cherts  may  have  come  originally 
from  the  S.-W.  of  England.  The  so-called  radiolarian  cherts  are  a  little  uncertain,  as 
such  rocks  often  are. 

(i)  Fine-grained  sandstone,  Infiltrated  with  veins  of  quartz  full  of  tourmalint  mtdlss— 
the  8o-callef1  *'  tourmaline  grit."  Possibly  a  metamorphosed  sediment  from  near  an 
igneous  contact. 

(2)  A  silicified  sedimentary  rock,  chiefly  made  up  of  areas  filled  with  a  fine-grained 
quarts  mosaic,  separated  by  irregular  patches  of  amorphous,  possibly  argillaceous, 
material.    The  structure  is  only  visible  under  crossed  Nicols. 

(3)  Silicified  sedimentAiy  rock,  showing  structure  somewhat  resembling  some 
radiolarian  cherts  (see  5).    SedlmenUry  origin. 

(4)  Apparently  an  altered  sediment,  consisting  of  alternating  laminas  of  silica  and 
amorphous  matter.  Pronounced  by  Dr.  Salter  to  be  probably  a  pebble  from  the 
Bunter. 

(5)  ReticuUUtd  chertf  recognised  by  Dr.  Salter  as  similar  to  some  in  which  Dr.  Hinde 
recognised  radiolarian  structures.  These  consist  of  ovoid  patches  of  paler  tint,  some 
of  which  may  be  noticed  in  the  specimen.    Possibly  a  pebble  of  Bunter  origin. 

(B)  Rocks  brought  down  by  the  Darent:  Chert  (L.G.S.); 
Lydian  stone;  micaceous  and  ferruginous  sandstones,  grits, 
Carstone,  and  decalcified  "  Kentish  Rag "  (Lower  Greensand) ; 
Tertiary  ironstone  concretions  and  shelly  conglomerates  (Wool- 
wich and  Blackheath  Beds);  vein  quartz  and  pale  quartzites. 
With  reference  to  these  last,  it  may  be  noted  that  ovoid'  grey 
quartzites  occur  in  the  Tertiary  Beds  at  Worm's  Heath,  whence 
the  Darent  probably  derived  some  of  its  Tertiary  material. 

Many  of  the  rocks  under  (B)  may  have  been  in  part  brought 
by  the  Thames,  since  the  Lower  Greensand  chert  occurs  in  high 
level  drifts  of  the  Upper  Thames  basin. 

In  addition  to  the  casts,  in  flint,  of  Chalk  fossils,  the  gravel 
contains  many  fossiliferous  pebbles.  Mr.  E.  T.  Newton  identified 
the  following  species  in  pebbles  collected  by  the  Directors : 

Rhaxella  perforata^  Cerithium  sp.,  Protocardium  sp.,  Corbula^ 
Pecten  sp.,  Serpula  tetragona.^  Astarte  sp. ;  these  all  occur  in 
"  Rhaxella  chert "  (Middle  Oolites). 

Crinoid  ossicles,  Producius  nosix  punclatus  (Carboniferous). 

Productus  sp.  (spined),  Modiola  sp.,  Bellerophon  (?),  Gonia- 
flies  (?),  Cyrloceras  (?),  and  a  Euomphaloid  Gasteropod  in 
quartzose  rock  of  Carboniferous  Limestone  age. 

•  Chonetes  laguessiana  (Carboniferous  Limestone)  and 
•  Ammonites  [Cardtoceras]  cordatus  (Oxford  Clay  or  Coral 
Rag). 

The  most  interesting  Chalk  fossil  was  a  cast,  in  flint,  of  the 
head  of  Bourgueticrinus^  showing  casts  of  the  internal  cavities  and 
tubes. 

*  The  fossils  marked  thus  were  found  by  members  of  the  party  in  Wansant  pic. 
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With  reference  to  Pleistocene  fossils  from  Dartford  Heath  little 
can  be  said.  Some  leg  bones  of  mammoth  were  obtained  about 
two  years  ago  in  Wansant,  but  no  shells  are  known  to  occur. 
The  corresponding  gravels  at  Dartford  Brent  and  Swanscombe 
have  yielded  an  abundant  fauna,  among  which  may  be  noted  the 
human  remains  found  at  Galley  Hill  in  1888.  Implements  are 
also  rare  in  the  Dartford  Heath  drifts,  and  those  which  occur  ar? 
generally  much  abraded  and  apparently  have  been  derived  fron 
the  older  "  Plateau  "  drifts. 

The  history  of  the  Dartford  Heath  deposits  may  be  briefly 
stated.  The  gravels  and  sands  were  laid  down  near  the  junction 
of  the  Daren t  and  Thames  when  these  rivers  flowed  nearly  90  ft. 
above  their  present  level.  The  gravel  consists  partly  of 
Cretaceous  and  Wealden  material  and  partly  of  erratics  which 
have  travelled  down  the  Thames  from  older  deposits  in  the 
upper  Thames  Valley.  During  a  period  of  erosion  brought  about 
probably  by  slow  earth  movements,  the  rivers  cut  through  their 
old  deposits  and  sub-aerial  denudation  removed  the  sides  of  the 
ancient  valley.  Much  of  the  material  was  re-deposited  at  a  lower 
level,  forming  the  well  known  gravels  and  brick-earths  of  Crayford. 

Mr.  E.  T.  Newton  made  some  remarks  on  the  fossiliferous 
pebbles.  The  party  then  searched  the  pit  for  rocks  and  fossils. 
Some  interesting  specimens  were  obtained,  notably  the  fragment 
of  CardioceraSy  also  ^^ Rhaxella  Chert"  and  one  specimen  of 
Chonetes  laguessiana  beautifully  preserved  in  Carboniferous  chert. 
A  "  borer  "  of  the  "  Plateau  ''  type  was  found  by  Mr.  M.  C.  HeyF, 
and  a  few  other  slightly  worked  and  abraded  flints  were  picked 
up. 

Since  the  excursion  the  Directors  have  found  several  speci- 
mens of  pure  white  Rhaxella  Chert. 

Along  the  edge  of  the  pit  the  Directors  indicated  some 
V-shaped  trenches  full  of  disturbed  gravel  in  which  calcined  flints 
and  bones  occur ;  close  by,  but  unfortunately  destroyed  just 
before  the  visit  of  the  Association,  was  a  "  hearth  "  in  which  they 
obtained  coarse  pottery,  charcoal  and  "pot-boilers."  Several 
trenches  and  "  hearths  "  have  been  discovered  as  the  working- 
face  of  the  pit  has  been  cut  back.  Some  fragments  of  pottery 
and  bones  recently  obtained  were  sent  up  by  the  proprietor  of  the 
pit,  but  unfortunately  the  bearer  failed  to  notice  the  party  in 
time.  Mr.  A.  S.  Kennard,  who  examined  the  specimens  later  in 
the  afternoon,  identified  the  pottery  as  of  "  Early  Iron "  or 
possibly  "  Bronze  "  age.  It  is  therefore  probably  of  the  same 
period  as  certain  gold  ornaments  found  in  the  adjacent  pit. 

Leaving  Wansant  pit,  the  party  entered  Messrs.  T.  and  F. 
Martin's  pit  where,  in  a  railway  cutting,  the  Drift  was  seen  resting 
on  a  fairly  level  surface  of  Thanet  Sand.  The  western  end  of  the 
cutting  showed  the  drift  trailed  down  over  a  hill-slope  of  Thanet 
Sand. 


EXCURSION  TO  CRAYFORD  AND  DARTFORD  HEATH.     12$ 

On  the  southern  face  of  this  pit  was  seen  the  V-shaped  trench 
(7  ft.  wide  and  5  ft.  deep)  from  which  nine  gold  armlets  were 
recently  obtained.  Since  the  first  discovery  of  gold  ornaments 
in  1906,  the  trench  has  been  cut  back  some  20  yards,  and  it  still 
runs  an  unknown  distance  towards  the  open  Heath,  Mr.  C.  H. 
Reed,  of  the  British  Museum,  kindly  informs  the  Directors  that 
the  armlets  are  "  certainly  of  Bronze  Age — between,  say  500-1,000 
B.C." 

The  party  now  walked  across  the  Heath,  passing  a  pond  held 
up  by  brickearth  and  noting  a  line  of  mounds  which  may 
have  been  thrown  up  in  1779-80,  when  a  military  camp  of  8,000 
men  was  formed  on  the  Heath.  Some  of  the  mounds  look  like 
burial  tumps,  but  Mr.  Spurrell,  who  opened  several  of  them,  found 
nothing  in  them.  The  occurrence  of  neolithic  implements  in 
their  neighbourhood  and  the  proximity  of  the  "  hearths  "  and 
"gold  ornament  trenches  "  suggest  a  connection  between  at  least 
some  of  the  mounds  and  the  prehistoric  settlement  which 
existed  on  the  Heath. 

In  Dartford  Heath  Brickyard  thinly-bedded  brickearth, 
waved  and  slightly  contorted,  rests  directly  on  Thanet  Sand  at 
about  95  O.D.  In  Wood's  pit  (across  the  road)  some  6  ft.  of 
brickearth  has  been  removed  over  a  large  area,  leaving  about 
10  ft.  of  gravels  and  strongly  false-bedded  sands,  which  are 
separated  from  the  underlying  Thanet  Sand  by  a  bed  of  hard 
ferruginous  sand.  The  brickearth  also  formerly  lay  to  a  great 
thickness  in  a  trough-shaped  hollow  beside  the  pit.  Two 
paUeoliths  from  this  pit  were  exhibited  ;  Mr.  A.  S.  Kennard  pro- 
nounced one  of  the  "  Rockshelter  "  type ;  the  other  was  perhaps 
derived  from  an  older  drift. 

On  the  way  into  Dartford  two  pits  were  omitted  as  time  ran 
short.  The  last  pit  visited  (100  ft.  O.D.)  showed  the  drift  resting 
on  a  "  bull-head  "  containing  huge  chalk-fiints.  The  base  of  the 
drift  here  consists  of  Tertiary  pebbles. 

A  curious  "  pipe  "  in  the  drift  was  hastily  examined,  and  the 
President  having  moved  a  vote  of  thanks  to  the  Directors,  the 
walk  into  Dartford  was  resumed.  Tea  was  obtained  at  the 
"  Bull "  and  the  party  left  by  the  7.32  p.m.  train. 

The  Directors  wish  to  express  their  thanks  to  Mr.  E.  T. 
Newton  for  identifying  the  "derived"  fossils  and  for  his  note 
on  the  Arngrove  stone ;  to  Mr.  J.  Vincent  Elsden  and  Dr.  A.  E. 
Salter  for  their  notes  on  the  rock  sections ;  and  to  Messrs. 
D.  T.  Corke,  T.  and  F.  Martin,  and  Wood  for  permission  to 
conduct  the  Association  through  their  gravel  pits. 
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NOTE  ON  SPECIMENS  OF  "RHAXELLA  CHERT"  OR 
"ARNGROVE  STONE"  FROM  DARTFORD  HEATH. 

By  E.  T.  NEWTON,  F.R.S..  F.G.S. 
(Rtad  at  the  Wansant  Pit,  Cray  ford.  May  nth,  1907). 

Among  the  fragments  of  various  rocks  containing  fossils  received 
from  Mr.  A*  L.  Leach  and  Mr.  R.  H.  Chandler,  which  they  had 
collected  from  the  Dartford  Heath  gravel,  there  are  three 
examples  of  a  porous  cherty  rock  which  were  not  easily  identi- 
fiable. These  three  are  similar  in  structure  and  may  be  pieces 
of  the  same  pebble.  The  rock  is  pitted  more  or  less  closely  with 
minute  holes,  as  if  made  with  a  pin-point,  which  need  a  hand 
lens  to  be  distinguished.  Besides  the  pittings,  fragments  of 
Ammonites  {?  Perisphinctes)  are  to  be  seen,  as  well  as  Cerithium, 
Frotocardium^  Corhuia^  Pecttn  and  Serpula  tetragona.  It  was 
at  once  obvious  that,  if  the  last-named  fossil  were  correctly 
identified,  this  chert  must  be  of  Oolite  age.  My  friend  and  col- 
league, Mr.  H.  B.  Woodward,  to  whom  1  showed  the  specimens, 
reminded  me  of  the  paper  just  published  in  the  Quart  Journ. 
GeoL  Soc.y  by  Mr.  Morley  Davies,  on  "  The  Kimeridge  Clay  and 
Corallian  Rocks  of  the  neighbourhood  of  Brill  (Buckingham- 
shire)," and  showed  me  specimens  of  the  "Arngrove  Stone" 
which  he  had  himself  collected  recently  in  that  locality.  The 
similarity  of  the  "  Arngrove  Stone  "  or  "  Rhaxella  Chert,"  which  is 
of  Corallian  Age,  to  these  Dartford  Heath  pebbles  was  soon 
apparent,  for  there  could  be  little  doubt  about  the  fine  pittings 
that  had  attracted  attention,  being  of  the  same  nature  as  those 
attributed  to  the  spicules  of  the  sponge  Rhaxella,  Having 
arrived  at  this  point,  there  seemed  little  reason  for  hesitation 
in  regarding  these  particular  cherty  pebbles  of  Dartford  Heath 
as  having  been  derived  from  the  neighourhood  of  Arngrove, 
where  the  same  rock  appeared  to  be  in  situ. 

Being  anxious  to  obtain  additional  evidence,  especially  as  to 
the  fauna  of  these  pebbles,  I  consulted  Dr.  Salter,  and  among 
his  large  collection  of  Drift  pebbles  found  some  pieces  exactly 
resembling  those  from  Dartford  Heath,  and  containing  similar 
fossils  with  the  ^^^SSxoxioi  Ammonites  (Quensiedticeras)  Lamberii  ; 
but  these  specimens  were  obtained  from  the  Drift  near  Cromer, 
and  could  hardly,  therefore,  have  come  by  natural  means  from 
Buckinghamshire. 

Mr.  Morley  Davies,  in  his  paper  above  alluded  to,  points  out 
that  the  "  Arngrove  Stone  "  is  similar  to  the  Yorkshire  rock  which 
was  described  by  Dr.  Sorby  in  1851,  and  in  which  he  had 
noticed  the  rounded  bodies  that  afterwards,  in  1890,  were 
described  by  Dr.  G.  J.  Hinde,  and  named  by  him  Rhaxella 
perforata.  Specimens  of  Lower  Calcareous  Grit  from  Yorkshire, 
in  the  Jermyn  Street  Museum,  were  found  to  contain  these 
Rhaxella  spicules,  and  the  colour  and  texture  of  the  rock  was 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  2,  1907.]  10 
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like  some  examples  from  Arngrove,    but  were  not  the   same 
colour  as  those  from  Dartford  Heath  and  Cromer  (/>.,  ferrc 
ginous  buflf).     Subsequently,  Dr.  G.  J.  Hinde  very  kindly        i 
me  examples  of  **  Rhaxella  Chert "  from  Scarborough,  and  oi 
these  agreed  in  colour  and  texture  with  our  specimens.     \\  . 
now  clear  that  a  ^'Rhaxella  Chert"  of  Lower  Calcareous  firit 
age  occurs  at  Scarborough  and  also  at  Arngrove  ;  and  that  both 
these  cherts  are  so  like  these  pebbles  from  Dartford  Heath  and 
Cromer  that  hand  specimens  cannot  be  distinguished. 

It  seems  probable,  therefore,  that  the  Cromer  specimens  of 
"  Rhaxeila  Chert "  were  derived  from  Yorkshire;  and  it  may  be  that 
the  Dartford  Heath  specimens  were  brought  southward  by  the 
"  Drift "  from  the  same  place  ;  but  it  will  probably  be  thought 
more  likely  that  the  latter  specimens  are  examples  of  ''Arngrove 
Stone,"  which  have  travelled  eastward  along  the  ancient  Ttuimes 
valley. 
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I.— INTRODUCTION. 

THE  geological  structure  of  the  Appleby  District  is  of  par- 
ticular interest,  for  it  determines  one  of  the  dominant 
physical  features  of  our  island — namely  the  Pennine  Chain  or 
Backbone  of  England. 

The  country  immediately  around  Appleby  forms  compara- 
tively low  ground,  between  the  heights  of  the  Lake  District  to 
the  west  and  the  Pennine  scarp  to  the  east.  Through  this  low 
ground  runs  the  river  Eden,  and  this  low  country  has  been 
termed  Edenside  by  the  late  Mr.  Goodchild. 

The  general  position  of  Edenside  is  shown  on  the  accom- 
panying map  (Plate  II)  by  the  stippled  portion  of  New  Red  Sand- 
stone extending  in  a  N.N.W.  direction  from  Kirkby  Stephen,  past 
Appleby,  to  within  a  few  miles  of  the  city  of  Carlisle,  where  it 
passes  into  the  north-Cumbrian  plain  lying  east  of  the  Solway. 

The  map,  Plate  II  (by  the  late  J.  G.  Goodchild),  also  shows 
the  distribution  of  the  principal  geological  formations. 

Edenside  is  geologically  a  syncline  between  the  Lake 
District  anticline  to  the  west  and  the  Pennine  anticline  to  the 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  3,  1907.]  11 
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east,  but  the  eastern  limb  of  the 
syncline  is  cut  off  by  the  principal 
Pennine  fault,  and  accordingly  we 
find,  apart  from  detail,  a  repetition 
of  the  rock -groups  which  occur  to 
the  west  of  the  fault  on  its  eastern 
side,  and  the  general  dip  is  in  an 
easterly  direction,  save  in  the 
case  of  the  highly  convoluted 
Lower  Palaeozoic  rocks. 

Standing  on  a  prominent 
height  near  Appleby,  we  see  to 
the  west  the  Lake  District 
hills  of  Lower  Palaeozoic  rocks : 
nearer  are  the  hills  between 
Shap  and  Penrith,  formed  by  the 
overlying  Carboniferous  strata; 
and  the  ground  on  which  we 
stand  consists  of  the  yet  more 
recent  New  Red  Sandstone. 

Turning  to  the  east  the  posi- 
tion of  the  important  Pennine 
Fault  is  shown  by  the  sudden 
rise  of  the  great  Pennine  scarp 
with  the  Lower  Palaeozoic  hills 
of  conical  shape  in  the  fore- 
ground. The  fault  runs  between 
the  latter  and  the  New  Red 
Sandstone. 

If  we  crossed  over  the  Pen- 
nine Chain  we  should  reach  the 
New  Red  Sandstone  of  the  tract 
around  the  mouth  of  the  Tees, 
thus  traversing  between  the  fault 
and  Tees-mouth  the  same  rocks 
over  which  we  pass  when  walk- 
ing from  the  eastern  confines  of 
the  Lake  District,  past  Shap 
and  Appleby,  to  the  Pennine 
Fault.  The  Section  (Fig.  13), 
in  which  details  are  omitted, 
shows  the  general  lie  of  the 
rocks  to  the  summit  of  the 
Pennine  Chain. 

The  stratified  rocks  will  be 
described  in  the  order  of  their 
antiquity,  beginning  with  the 
most  ancient. 
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The  Geological  Deposits  found  in  the  Appleby  District. 

Quaternary  /  ^^^ent  (Alluvium  peat,  etc.). 
^  \   Glacial  (boulder  clay,  sand,  and  gravel). 

/  f  St.  Bees  Sandstone. 


Mesozoic 


Upper 

PALiEOZOIC 


Permian 


Trias  -!   Gypseous     Sandstones     and 

I       Marls. 
Magnesian     Limestone    and 

Plant  Beds. 
Upper  Penrith  Sandstone. 
Upper  Brockram. 
Lower  Penrith  Sandstone. 
Lower  Brockram. 
Millstone  Grit. 
Carboniferous     Limestone 
Carboniferous   -{       Series. 

Sandstones,  shales,  and  con- 
glomerates. 
Old  Red  Sandstone  (Polygenetic  conglomerate). 


Lower 
Paueozoic 


Silurian 


Ordovician 


3 


Brathay  Flags. 
Stockdale  Shales. 
Ashgill  Shales. 
Staurocephalus    and   Keisley 

limestones. 
Dufton  Shales. 
Corona  beds. 

Borrowdale  Volcanic  rocks. 
Skiddaw  Slates  with  Milburn 

Volcanic  rocks. 


IL— THE    LOWER    PALAEOZOIC    ROCKS. 

The  Lower  Palaeozoic  Rocks  occur  in  an  inlier  to  the  east  of 
Edenside  (see  the  Map,  Plate  II,  and  Section,  Fig.  13),  extending  in 
a  direction  nearly  north  and  south  from  the  neighbourhood  of 
Melmerby  to  the  western  flanks  of  Roman  Fell,  having  an  average 
width  of  about  a  mile.  On  the  west  they  are  separated  from  the 
New  Red  Sandstone,  as  already  stated,  by  a  great  fault,  in  many 
respects  the  most  important  in  the  district. .  This  has  generally 
been  spoken  of  as  the  Pennine  Fault,  but  the  Geological  Surveyors 
term  it  the  Outer  Pennine  Fault,  giving  the  terms  Inner  Pennine 
Fault  and  Middle  Pennine  Fault  to  two  other  faults  which  we  will 
now  notice.  The  inner  fault  on  the  whole  separates  the  Lower 
Palaeozoic  rocks  from  the  Carboniferous  rocks  of  the  great 
escarpment,  though  a  few  patches  of  Lower  Palaeozoic  rocks 
occur  to  the  east  of  it  in  one  or  two  valley  bottoms,  and  the 
Carboniferous  rocks  on  the  top  of  Roman  Fell  are  on  its  western 
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side.  Its  throw  is  not  very  great.  The  Middle  Fault  along  the 
greater  part  of  its  course  divides  two  groups  of  Lower  Palaeozoic 
strata,  the  older  lying  to  the  ^st,  and  the  newer  to  the  west  of 
the  fault-line.  Section  (Fig.  14)  shows  the  effects  of  the  three 
faults. 

(i)  The  Skiddaw  Slates, — Along  the  strip  of  country  between 
Melmerby  and  Roman  Fell,  bounded  by  the  middle  and  inner 
Pennine  faults,  occur  rocks  which  are  correlated  with  the 
Skiddaw  Slates .  of  the  Lake  District.  They  consist  chiefly  of 
glossy  black  or  greyish  badly-cleaved  slates  with  thin  grit 
bands.  In  a  few  places,  as  at  EUergill,  are  more  earthy  shales 
with  Graptolites.  These,  which  are  apparently  newer  than  the 
main-mass  of  slates,  are  of  Arenig  age.  The  main-mass  may 
be  partly  Arenig  and  partly  of  older  date,  but  in  the  general 
absence  of  fossils  little  need  be  said  concerning  it,  for  we 
shall  pay  little  attention  to   its    rocks  during  the   excursion. 

w. 


4  2  2  T 

Fig.  14 — Section  Across  the  Pennine  Fault. — j,  E.  Marr, 
Length  of  Section  about  2  miles. 

1.  Skiddaw  Slates.  Fi.  Outer  Fault. 

2.  Upper  Ordovician  and  Silurian.  F2    Middle  Fault. 

3.  Carboniferous.  F3.  Inner  Fault. 

4.  New  Red  Sandstone. 

Above  the  EUergill  Beds  are  graptolite-bearing  shales  with 
intercalated  ashes  and  lavas,  marking  the  change  from  the 
non-volcanic  Skiddaw  Slates  to  the  volcanic  Borrowdale  Rocks. 
These  were  called  the  Milburn  beds  by  the  late  Mr.  Goodchild. 
Certain  volcanic  rocks  at  the  north-west  corner  of  Roman 
Fell  may  be  of  the  same  age  as  the  Milburn  beds. 

(2)  The  Borroivdale  Volcanic  Rocks  (Llandeilo.) — Near  the 
northern  extremity  of  the  inlier,  and  still  between  the  middle  and 
inner  faults,  is  a  group  of  contemporaneous  porphyritic  and 
vesicular  basic  andesites  and  ashes  which  are  undoubtedly  the 
equivalents  of  the  well-known  Eycott  Hill  rocks,  north-east  of 
Keswick;  the  latter  occur  some  way  down  in  the  Borrowdale 
Series. 

The  highest  rocks  of  the  Borrowdale  Series  are  found  in  the 
block  between  the  middle  and  outer  faults,  and  pass  up  into  the 
higher  Ordovician  sediments.  They  consist  of  rhyolites  and 
xhyolitic  ashes,  and  form  several  of  the  conical  hills  of  the  inlier, 
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including  Knock  Pike  and  Dufton  Pike.  On  these  Pikes  they 
are  usually  very  rotten,  and  the  best  exposures  are  found  in  the 
stream-courses,  especially  in  Swindale  Beck,  where  one  of  the 
lavas  is  of  great  interest.  It  is  described  by  Mr.  Harker  as  an 
"eutaxitic"  rock  with  discontinuous  bands  of  crystalline 
character  consisting  of  clear  felspar  quartz  and  decomposition 
products.  It  has  caught  up  fragments  of  an  earlier  Andesitic 
lava,  and  the  flow-lines  stream  around  these  fragments.  The 
highest  bed  of  this  series  in  Swindale  Beck  is  an  ash  which  is 
immediately  succeeded  by  fossiliferous  deposits,  themselves 
contaming  ashy  material 

The  rhyolitic  group  of  the  inlier  is  quite  comparable  with 
that  which  forms  the  summit  of  the  Borrowdale  Series  in  the 
Lake  District.  The  general  strike  of  these  and  the  succeeding 
rocks  is  W.N.W.  and  E.S.E.,  but  they  are  repeated  several  times 
owing  to  faults  which  cross  from  the  outer  to  the  middle  Pennine 
faults  with  a  general  N.E.  and  S.W.  trend.  These  cross-faults 
produce  five  main  blocks  of  strata,  one  at  the  extreme  northerly 
end  of  the  inlier  north-east  of  Melmerby,  the  second  with  Knock 
Pike  and  Swindale  Beck,  the  third  with  Dufton  Pike,  Pusgill, 
etc.,  the  fourth  with  Gregoi7  and  Keisley,  and  the  fifth  with 
Roman  Fell  and  part  of  Hilton  Beck.  Each  of  these  blocks 
displays  the  rhyolitic  series. 

(3)  The  Corona  Beds, — These  consist  of  ashy  calcareous 
shales,  and  argillaceous  limestones,  the  latter  sometimes  largely 
composed  of  Beyrlchia,  The  beds  are  seen  in  their  proper 
position  in  Swindale  between  the  rhyolitic  series  and  the  over- 
lying Dufton  Shales,  but  the  most  fossiliferous  localities  are  the 
Alston  Moor  Road  near  Melmerby,  Pusgill,  and  the  flanks  of 
Roman  Fell.  In  addition  to  the  type  fossil  Trematis  corona^ 
Ldngula  tenuigranulata  seems  to  be  confined  to  this  group.  The 
beds  are  probably  of  Lower  Caradoc  age. 

(4)  The  Dufton  Shales, — Dark  grey  or  black  cleaved  shales 
with  much  calcareous  matter,  and  thin  bands  of  limestone, 
greatly  folded,  so  that  no  accurate  estimate  of  thickness  can  be 
made,  but  they  are  probably  not  more  than  500  ft.  thick.  They 
are  usually  very  fossiliferous,  with  a  marked  upper  Caradoc 
fauna  including  Calymene  senaria^  Cybele  verrucosa^  Trinucltus 
seticomis,  Orthis  testudinaria.  The  best  fossiliferous  localities 
are  Swindale,  Pusgill,  Hurning  Lane,  and  Billy's  Beck. 

(5)  Keisley  and  Staurocephalus  Limestones, — White,  grey,  and 
pink  limestone  with  olive  green  argillaceous  limestones  and 
greenish  shales  intercalated.  In  Swindale  Beck  the  grey 
limestones  are  sparsely  fossiliferous,  though  the  argilhceous 
limestones  contain  abundant  fossils.  In  the  Keisley  Block  the 
grey,  pink  and  white  limestones  are  often  crystalline  and  very 
fossiliferous.  The  fauna,  which  is  of  great  interest,  has  been 
made  the  subject  of  a  paper  by  Mr.  Cowper  Reed  (see  list  and 


134       •  JOHN    EDWARD   MARK   ON 

references  at  end).  The  limestones  are  of  Lower  Ashgillian  age. 
Considerable  attention  will  be  paid  to  the  development  of  the 
limestones  in  the  Keisley  Quarries. 

(6)  Ashgill  Shales, — Leaden  grey  shales  of  Upper  Ashgillian 
age  succeed  the  Keisley  Limestone  of  Swindale.  They  contain 
the  characteristic  Strophomena  (?)  siluriana  and  Phacops  {Daiman- 
nites)  mucronatus.  They  form  the  highest  Ordovician  strata  of 
the  area. 

(7)  Lower  Stockdale  S/iales  ( Skelgill Beds ), — ^The  relationship 
between  the  highest  Ordovician  and  the  lowest  Silurian  strata 
is  nowhere  shown  in  the  inlier,  as  a  fault  always  separates 
them.  In  the  adjacent  I^ke  District  the  Skelgill  Beds  succeed 
the  Ashgill  Shales  with  perfect  conformity. 

These  Skelgill  beds  in  the  inlier  are  found  in  three  or  four 
isolated  patches.  The  most  interesting  is  a  very  poor  exposure 
of  the  lowest  zone  but  one  (the  Dimorphograptus  conferiuS" 
zone)  faulted  against  the  Keisley  limestone  of  Keisley,  and  one 
of  the  succeeding  zone  (of  Monograpius  fimbriaius)  in  Great 
Rundale  Beck.  In  each  case  the  beds  are  dark  grey  to  black 
Graptolite  shales. 

(8)  Upper  Stockdale  Shales  {Brawgill  Beds).— TYi^Q  are  best 
exhibited  in  Swindale  Beck,  where  they  are  separated  from  the 
Ashgill  Shales  by  a  fault.  Two  zones  occur  here,  the  lower  of 
Monograpius  turriculatus,  the  upper  of  Monograptus  crispus,  but 
fossils  are  now  difficult  to  obtain.  The  beds  are  pale  green  and 
grey  mudstone  and  fine  grits,  with  darker  seams  containing  the 
Graptolites.  The  Skelgill  beds  are  of  Llandovery  age,  and  the 
Browgill  beds  are  the  equivalent  of  the  Tarannon  Shales. 

(9)  Brathay  Flags, — The  Brathay  Flags  are  greyish  shales 
with  a  few  Graptolites  of  Wenlock  age.  They  are  seen  in 
Swindale  Beck  and  near  Harbour  Flat.  These  are  the 
highest  Silurian  beds  near  Appleby,  though  a  patch  of  Coniston 
Grit  of  Lower  Ludlow  age  occurs  at  the  most  northerly  point  of 
the  inlier  in  a  stream  below  the  Alston  Moor  Road. 


III.— THE  OLD  RED  SANDSTONE  PERIOD. 

A  period  of  upheaval  followed  the  deposition  of  the  Lower 
Palseozoic  rocks.  At  this  time  the  older  rocks  were  folded, 
faulted,  and  cleaved.  The  great  movement  of  the  Middle 
Pennine  fault  now  occurred,  and  the  cross-faults  breaking  the 
rocks  of  the  west  part  of  the  inlier  into  blocks  were  produced, 
along  with  many  others.  At  the  same  time  great  denudation 
occurred.  Between  20,000  and  30,000  feet  of  rock  must  have 
been  removed  where  the  lowest  Upper  Palaeozoic  rocks  rest  on 
low  members  of  the  Skiddaw  Slate  Series. 
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These  changes  took  place  while  the  Old  Red  Sandstone  was 
deposited  in  Scotland.  Around  the  borders  of  the  Lake  District 
the  basal  Carboniferous  rocks,  as  a  rule,  rest  with  marked 
unconformity  upon  the  upturned  and  eroded  edges  of  the  Lower 
Palaeozoic  formations,  transgressing  from  the  Upper  Ludlow  Rocks 
of  the  Tebay  district  to  the  Lower  Skiddaw  Slates  of  the 
Skiddaw  region.  This  unconformity  in  our  area  is  seen  near 
Melmerby,  and  still  more  clearly  on  Roman  Fell. 

In  both  of  these  localities,  below  the  rocks  which  are 
universally  referred  to  the  Carboniferous,  are  discontinuous 
developments  of  a  polygenetic  conglomerate — a  rock  consisting 
of  pebbles  of  divers  character  derived  from  many  kinds  of  rock. 
I  am  inclined  to  refer  this  to  the  Upper  Old  Red  Sandstone, 
and  not  to  the  Carboniferous,  and  there  is  some  evidence  of 
important  changes  having  occurred  between  its  deposition  and 
the  formation  of  the  overlying  Carboniferous  rocks.  It  con- 
sists of  a  somewhat  incoherent  reddish  sandstone  matrix  with 
pebbles  of  various  sizes,  derived  not  only  from  the  local  Lower 
Palaeozoic  rocks,  but  from  gneisses  and  schists  of  distant  regions. 
Much  movement  has  taken  place  since  the  formation  of  the 
conglomerate,  and  the  pebbles  are  often  striated,  indented, 
bent  and  faulted. 


IV.— THE    CARBONIFEROUS   PERIOD. 

Our  attention  will  be  chiefly  devoted  to  the  rocks  on  the 
east  side  of  the  Lower  Palaeozoic  inlier,  where  they  are 
developed  in  the  great  scarp  of  the  Cross  Fell  Chain. 

Above  the  polygenetic  conglomerate  of  Roman  Fell  is  a 
massive  rock  of  much  greater  hardness,  consisting  of  a  yellow, 
grey  or  red  sandstone  with  small  rounded  pebbles  largely  of 
vein-quartz,  and  thus  markedly  contrasted  with  the  pebbles  of 
the  polygenetic  conglomerate.  This  forms  the  great  mural 
scarp  of  the  summit  of  Roman  Fell,  and  the  beds  are  bent 
sharply  down  to  a  stream  on  the  east  side  of  the  Fell,  where 
they  are  succeeded  by  sandstones  associated  with  a  fossiliferous 
limestone. 

Above  this  series  comes  the  most  important  limestone  of 
the  district,  the  Melmerby  Scar  Limestone,  whose  white  cliffs 
are  on  a  clear  day  readily  seen  from  a  distance,  running  along 
the  lower  part  of  the  great  scarp  for  many  miles.  The  Mel- 
merby Scar  Limestone  is  the  degenerate  equivalent  of  the  Lower 
Scar  Limestone  of  the  Yorkshire  dales.  Above  it,  other  lime- 
stones, with  some  sandstones  and  shales,  occur  tier  above  tier 
on  the  face  of  the  scarp,  until  at  last  the  Millstone  Grit  is  seen 
forming  the  summit  of  the  highest  point  of  the  chain — Cross 
Fell  (2,929  feet). 
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The  occurrence  of  an  inlier  of  Millstone  Grit  close  to 
Appleby,  surrounded  by  rocks  of  New  Red  Sandstone  age  is  of 
interest,  as  bearing  on  the  sequence  of  these  newer  rocks. 

The  palaeontological  divisions  of  the  Carboniferous  rocks  of 
the  Cross  Fell  scarp  are  now  being  worked  out  in  detail  by 
Prof.  Garwood,  and  as  we  shall  not  examine  the  whole  series 
further  description  here  is  unnecessary. 


v.— THE  NEW  RED  SANDSTONE  ROCKS. 

These  rocks  belong  to  the  Permian  and  Triassic  systems,  but 
as  they  were  evidently  formed  under  very  similar  conditions  in 
this  area,  we  may  consider  them  under  the  head  of  New  Red 
Sandstone.  Their  general  dip  is  in  an  easterly  direction,  and 
accordingly  the  oldest  beds  run  on  the  whole  to  the  west  of 
Edenside,  the  newer  on  the  east,  but  along  part  of  the  Roman 
Fell  tract  the  oldest  rocks  are  brought  up  by  a  sharp  bend 
against  the  outer  Pennine  fault. 

(A)  Permian  Rocks. — It  is  well  known  that  a  great  period 
of  elevatioQ  and  denudation  occurred  after  the  deposition  of  the 
Coal  Measures,  and  before  the  accumulation  of  the  lowest 
Permian  rocks  of  the  north  of  England,  and  that  the  latter 
accordingly  rest  discordantly  on  the  former.  This  unconformity 
is  not  readily  seen  in  our  district,  owing  to  faulting  and  the 
obscuring  mantle  of  drift.  Just  west  of  Appleby,  however,  the 
Permian  rocks  rest  on  different  members  of  the  Lower  Carboni- 
ferous, and  this  appears  to  be  for  a  short  distance  an  unfaulted 
junction.  Unconformity  is,  however,  shown  by  the  abundance 
of  Mountain  Limestone  pebbles  in  the  basal  Permian  rocks^ 
indicating  that  the  Upper  Carboniferous  beds  had  been  at  that 
time  removed  by  denudation. 

(i)  Penrith  Sandstone  with  Brockrams. — In  the  Penrith 
district  the  lowest  Permian  rocks  are  the  well-known  Penrith 
Sandstones.  As  these  are  traced  southwards  towards  Appleby, 
thin  bands  of  breccia  occur.  These  breccias  are  locally  known 
as  brockrams,  and  consist  of  angular  fragments  chiefly  composed 
of  Carboniferous  Limestone,  in  a  matrix  of  sandstone  resembling 
the  ordinary  Penrith  Sandstones.  The  limestone  fragments  are 
often  more  or  less  dolomitised.  Around  Appleby  two  important 
developments  of  brockram  occur,  one  at  the  base  and  the  other 
near  the  summit,  and  accordingly  the  series  is  there  subdivided 
into  : 

Upper  Penrith  Sandstone, 

Upper  Brockram, 

Lower  Penrith  Sandstone  (middle  sandstone). 

Lower  Brockram. 
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The  brockrams  vary  much  in  character;  in  some  cases  there 
is  much  matrix,  while  in  others  the  fragments  are  so  numerous 
that  the  rock  might  at  first  be  taken  for  actual  Carboniferous 
Limestone. 

The  Lower  Brockram  is  well  seen  in  Burrells  Quarry,  south  of 
Appleby,  where  the  fragments  are  large  and  numerous.  The 
rock  here  is  remarkably  evenly  jointed.  The  same  rock  is 
brought  to  the  surface  by  a  fault  to  the  east  of  Appleby,  and  is 
seen  on  the  road  to  Dufton. 

The  Lower  Penrith  Sandstone  is  well  seen  on  the  road  at 
Appleby,  east  of  the  Eden,  just  south  of  the  Court  House,  where 
it  exhibits  very  marked  false  bedding,  inclined  on  the  whole 
from  east  to  west,  and  suggesting  a  westerly  travel  of  the 
materials. 

The  Penrith  sandstone  is  usually  of  a  brick  red  colour :  the 
grains  consist  chiefly  of  quartz,  with  a  certain  amount  of 
decomposed  felspar.  The  grains  are  frequently  markedly 
rounded,  presenting  a  "  millet-seed "  appearance,  though  in 
many  cases  they  have  received  a  secondary  deposit  of  silica,  giving 
rise  to  the  well-known  crystalline  sandstones.  The  absence  of 
the  detrital  mica  is  significant,  and  affords  a  ready  means  of 
distinguishing  the  Penrith  and  Si.  Bees'  Sandstones. 

The  Upper  Brockram  is  in  general  respects  similar  to 
the  lower  breccia.  It  is  seen,  among  other  places,  in  Hilton 
Beck.  Prof.  P.  F.  Kendall  has  shown  that,  although  the 
fragments,  like  those  of  the  Lower  Brockram,  are  largely  derived 
from  the  Carboniferous  Limestones,  there  is  also  a  fair  proportion 
of  older  rocks,  such  as  conglomerate,  vein-quartz  and  rhyolite.  He 
argues  that  the  basal  Carboniferous  beds  which  were  covered 
diuing  the  formation  of  the  Lower  Brockram,  had  now  become 
exposed  by  denudation,  and  suggests  that  movement  occurred 
along  the  Pennine  fault  between  the  formation  of  the  two 
brockrams  ;  if  the  thickness  of  the  Penrith  Sandstones  group  be 
taken  at  i,ooo  ft.  (the  thickness  is  very  difficult  to  estimate) 
he  argues  for  a  movement  along  the  fault  to  that  amount. 

The  Upper  Penrith  Sandstones  on  the  whole  resemble  the 
sandstones  between  the  brockrams.  They  may  be  seen  on  the 
road  to  Dufton,  and  also  in  Hilton  Beck. 

(2)  Hilton  Shales^  Magmsian  Limestone^  &*c. — Above  the 
Penrith  Sandstone  group  comes  a  variable  group  of  grey  and 
yellow  sandy  shales,  gypseous  shales,  and  impure  magnesian 
limestones  and  sandstones,  known  as  the  Hilton  Shales,  being 
well  exposed  in  the  beck  of  that  name.  The  group  is  of  interest 
on  account  of  the  occurrence  of  plants,  first  discovered  by 
Prof.  Harkness.  The  following  have  been  recorded : — 
Alethopieris  goepperti^  Cardiocarpum  triangulares  Odontopteris 
sp.  Sphenopteris  dichofoma,  S.  Naumanniy  Ullmannia  selaginoides 
and  U.  Bronni^  a  flora  known  in  the   German  Kupferschiefer. 
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It   is  very  difficult  at  the  present  day  to  secure  good  specimens 
from  the  Hilton  exposure. 

(B)  Triassic  Rocks. — The  plant  beds  are  succeeded  by  a 
series  of  gypseous  red  shales,  which  are  taken  as  the  basal 
deposits  of  the  Triassic  rocks.  Mr.  Goodchild  gives  a  figure  in 
the  Survey  Memoir  of  these  shales  resting  unconformably  upon 
the  plant  beds  near  Newbiggin,  some  way  north  of  Appleby. 
They  appear  to  pass  up  into  the  St.  Bees'  Sandstone,  of  which 
indeed  they  may  be  regarded  as  the  base. 

The  St.  Bees'  Sandstone  is  well  bedded ;  of  a  more  purple 
red  than  the  Penrith  Sandstone ;  it  contains  thin  inconstant 
"  way  boards  "  of  red  shale,  often  shows  discolouration  patches, 
is  rarely  crystalline,  and  above  all  contains  a  fair  amount  of 
detrital  mica.  Many  good  exposures  of  the  rocks  of  this 
division  are  seen,  as  it  is  extensively  quarried  for  building 
purposes.  There  are  large  quarries  just  west  of  the  village  of 
Dufton,  and  others  by  the  side  of  Hilton  Beck,  as  one 
approaches  the  village  of  Hilton.  Mr.  W.  Brockbank  records 
plants  at  two  horizons  at  Hilton  Beck.  See  list  of  References, 
pp.  147,  148. 

There  are  no  newer  rocks  near  Appleby,  though  the 
St.  Bees'  Sandstone  around  Carlisle  is  succeeded  by  higher 
Triassic  rocks,  and  ultimately  by  Liassic  rocks  still  preserved 
in  an  outlier. 

VI.— INTRUSIVE  IGNEOUS  ROCKS. 

Many  igneous  dykes  and  small  bosses  are  found  among  the 
Lower  Palaeozoic  rocks,  belonging  principally  to  the  groups  of  the 
quartz-porphyries  and  lamprophyres.  The  most  interesting  are 
the  mass  of  quartz  porphyry  on  the  western  flank  of  Dufton  Pike, 
often  termed  the  "  Dufton  granite,"  which  is  remarkable  for  the 
large  plates  of  mica,  and  the  lamprophyres  of  Swindale  Beck. 
One  of  these  contains  rare  phenocrysts  of  orthoclase  resembling 
the  well  known  porphyritic  crystals  of  the  Shap  granite.  Mr. 
Harker  and  I  have  given  reasons  for  supposing  that  this  group 
of  dykes  are  apophyses  of  that  granite,  in  which  case  they  are  of 
Devonian  age. 

A  later  intrusion  is  the  well-known  Whin  Sill,  which  runs  tor 
miles,  at  slightly  different  horizons,  among  the  lower  Carboni- 
ferous rocks  of  the  great  Pennine  scarp.  It  will  be  seen  around 
High  Cup  Gill.  The  rock  is  a  diabase,  consisting  of  plagioclase 
felspar,  augite,  and  an  iron  ore.  In  the  Appleby  District,  where 
it  is  thin  as  compared  with  the  development  on  the  east  side  of 
the  Pen  nines,  it  is  a  fine-grained  rock,  and  the  amount  of  meta- 
morphism  which  it  produces  on  the  rocks  with  which  it  is  in 
contact  is  less  than  that  produced  to  the  east  in  the  well-known 
section  at  Falcon  Clints,  in  Upper  Teesdale. 
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A  day  has  been  set  apart  for  visiting  the  Shap  granite,  for, 
as  already  mentioned,  the  granite  is  connected  with  the 
Appleby  District,  as  its  apophyses  extend  into  the  rocks  of  the 
inlier.  The  visit  to  Shap  will  enable  us  to  see  the  western  limb 
of  the  great  earth- wave  whose  trough  is  in  Edenside. 

The  granite  itself  is  intrusive  in  rocks  of  the  Borrowdale 
Volcanic  Group.  It  forms  a  mass  about  i^  miles  along  its  greatest 
diameter,  being  a  rough  ellipse  approximating  to  the  circular 
form. 

The  granite,  save  when  stained  red,  has  a  grey  matrix  of 
orthoclase  and  some  plagioclase  felspar,  quartz  and  biotite.  A 
noticeable  point  is  that  the  quartz  crystallised  before  the 
orthoclase.  In  this  matrix  are  embedded  large  pink  orthoclase 
crystals  sometimes  two  inches  in  length.  The  abundance  of 
dark  inclusions  is  of  interest;  some  are  fragments  of  other 
rock  which  have  been  caught  up  in  the  granite,  but  many  are 
more  basic  varieties  of  the  rock  itself,  marked  by  the  possession 
of  biotite,  plagioclase  and  sphene.  These  basic  patches  contain 
the  large  orthoclase  phenocrysts,  which  are  usually  corroded,  and 
have  an  altered  margin  of  plagioclase  and  quartz.  They  are 
closely  related  in  character  to  the  lamprophyric  apophyses. 

The  apophyses  occur  as  dykes  and  sills,  chiefly  radiating 
from  the  granite,  and  extending  to  distances  of  over  12  miles 
from  the  mass,  though  they  are  most  abundant  near  that  mass, 
where  they  frequently  contain  orthoclase  phenocrysts.  The  dyke 
rocks  are  of  two  kinds,  lamprophyres  and  quartz  porphyries,  the 
former  being  more  basic  and  the  latter  more  acid  than  the 
granite  itself.  The  phenocrysts  in  the  lamprophyres  are  rounded 
and  corroded,  with  plagioclase  margins  like  those  of  the  basic 
patches  in  the  granite. 

The  aureole  of  metamorphism  extends  to  a  distance  of  about 
three-fourths  of  a  mile  from  the  granite  margin.  A  great  variety 
of  rocks  has  undergone  metamorphism,  including  basic,  inter- 
mediate and  acid  lavas  and  ashes,  impure  limestones,  shales  and 
grits,  and  also  a  metalliferous  vein. 

The  lavas  and  ashes  had  undergone  weathering  before 
metamorphism.  The  alteration  of  the  intermediate  and  basic 
rocks  presents  points  of  interest.  Near  the  granite  margin  the 
rocks  are  completely  re-crystallised,  with  formation  of  water-clear 
felspar  and  a  purple-brown  mica.  The  vesicles  of  the  lava  were 
filled  with  amygdaloidal  substance  before  alteration.  This  has 
been  converted  into  crystalline  calcite,  fibrous  amphibole,  epidote, 
garnet  and  other  minerals.  Similar  changes  have  taken  place  in 
the  metalliferous  vein. 

The  impure  limestones  are  changed  into  lime-silicate  rock, 
with  development  of  various  minerals  such  as  lime-garnet  and 
plagioclase. 

The  other  rocks  have  undergone  various  changes  according 
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to  their  composition,  but  as  the  time  will  be  too  limited  to 
examine  these  in  detail,  it  is  unnecessary  to  particularise  them 
here. 


VII.— GLACIAL  PHENOMENA. 

In  the  limited  tract  of  ground  which  we  shall  traverse,  it  is 
not  probable  that  we  sliall  come  across  any  glacial  striae,  and  the 
direction  of  travel  of  the  ice  is  indicated  mainly  by  the  dis- 
tribution of  the  boulders,  and  to  some  extent  by  the  conforma- 
tion of  the  ground.  The  striae  which  have  been  observed  in  the 
district,  and  the  distribution  of  the  principal  boulders  is  shown  in 
the  map  by  the  late  J.  G.  Goodchild,  here  reproduced  on 
Plate  III. 

The  principal  glacial  accumulations  are  till,  with  some 
intercalated  sands  and  gravels,  and  local  moraines. 

The  till  is  widely  spread  over  the  lowlands  of  Edenside. 
Its  surface  is  not  level,  but  presents  whale-backed  ridges  or 
drumlins  with  intervening  hollows.  These  drumlins  have  a 
general  direction  of  S.  30"  E.,  as  noted  by  Mr.  Tiddeman. 
Otherwise  the  till  is  of  an  ordinary  character.  An  interesting 
section  is  seen  in  a  quarry  of  St.  Bees'  Sandstone  near  Hilton 
Beck,  where  in  one  place  the  till  has  been  forced  for  a  distance  of 
about  6  feet  below  a  projecting  hard  bed  of  the  sandstone.  The 
sands  and  gravels  associated  with  the  till  were  probably  formed 
in  more  than  one  way.  Mr.  Tiddeman  records  the  finding  of  a 
tooth  of  ox,  probably  bison,  in  clean  sand  and  gravel  below  the 
boulder-clay  at  Appleby. 

Local  moraines  occur  at  the  ends  of  some  of  the  valleys 
entering  Eden.side  from  the  Pennine  Chain.  The  most  promi- 
nent are  at  the  end  of  the  High  Cup  valley,  and  at  Cosca,  near  the 
mouth  of  Great  Rundale  Beck. 

The  most  interesting  boulders  are  those  of  Galloway,  with 
which  must  be  classed  the  Carrock  Fell  gabbros,  and  the  Enner- 
dale  granophyre  which  have  come  from  the  north-west;  and  of 
the  Shap  granite  which  have  come  from  the  west  and  south-west- 
Both  sets  of  boulders  ultimately  pass  over  Stainmoor  Pass,  on  the 
east  of  the  upper  end  of  the  Edenside  lowlands. 

The  passage  of  the  boulders  over  this  pass  is  of  great  interest. 
The  Shap  granite  boulders  are  not  found  passing  over  the  lowest 
part  of  the  pass  where  the  high  road  and  railway  crosses  the 
Pennine  watershed.  There  are,  in  fact,  three  belts  of  distribu- 
tion of  boulders  among  the  low  ground  in  the  vicinity  of  th^ 
actual  pass.  These  belts  run  approximately  east  and  west.  The 
most  southerly  occupies  the  lowest  ground  of  the  pass,  and 
contains  boulders  which  have  probably  been  brought  from  the 
high  ground  surrounding  the  head  of  the  Eden  valley.     The 
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middle  belt  contains  boulders  of  Shap  granite,  but  none  of  the 
Galloway  rocks,  while  the  northernmost  belt  has  a  mixture  of 
boulders  of  Shap  and  Galloway  rocks.  The  Shap  boulders  are 
found  in  places  at  a  slightly  higher  elevation  than  is  attained 
by  any  of  the  parent  rock. 

In  addition  to  these  boulders,  fragments  of  Brock  ram  have 
also  been  carried  over  Stainmoor.  The  highest  point  where  these 
rocks  occur  ///  sHi4  is  nearly  700  ft.  below  the  point  where  they 
cross  the  watershed.  These  boulders,  therefore,  have  travelled 
up  hill  to  the  extent  of  700  ft.  vertical,  within  a  distance  of  four  or 
five  miles. 

A  full  account  of  the  travel  of  boulders  in  this  district  will  be 
found  in  the  late  Mr.  Goodchild^s  well-known  paper  on  the 
''Glacial  Phenomena  of  the  Eden  Valley,"  for  which  a  reference  is 
given  in  the  list  of  works  at  the  end  of  this  paper. 


VIII.— PHYSIOGRAPHY. 

The  lowland  tract  of  Edenside  is  clearly  "tectonic"  as 
r^ards  origin,  due  to  the  letting  down  by  the  Pennine  fault  of 
the  softer  New  Red  Sandstone  strata  between  the  Palaeozoic 
rocks  of  Lakeland  to  the  west  and  of  the  Pennines  to  the  east. 
The  present  features,  however,  are  no  doubt  directly  due  to 
denudation.  As  the  general  trend  of  the  strata,  and  of  the  strip 
of  Lower  Palaeozoic  rocks  is  on  the  whole  a  little  east  of  south,  the 
trend  of  the  major  features  is  in  the  same  direction.  The 
most  prominent  of  these  features  is  undoubtedly  the  great 
Pennine  scarp,  determined  initially  by  the  apposition  of  soft 
rocks  to  hard  produced  by  the  outer  Pennine  fault. 

Considerable  modification  has  taken  place  in  details.  To 
the  east  of  the  inner  Pennine  fault,  the  scarp  runs  fairly 
regularly,  save  where  indented  by  consequent  streams  flowing 
westward  from  the  Pennine  watershed.  The  scarp  itself  is 
diversified  by  gentler  slopes,  due  to  shales,  and  steep  slopes  and 
scars  caused  by  the  basal  conglomerates  and  sandstones  of  the 
Carboniferous,  the  higher  limestones  and  sandstones,  and  by  the 
Whin  Sill. 

The  inner  Pennine  fault  is  itself  sometimes  marked  by  a 
depression,  as,  for  instance,  the  col  between  Brownber  and 
the  Carboniferous  range  to  the  east,  and  a  similar  col 
between  Murton  Pike  and  the  same  ridge.  The  Lower  Palaeozoic 
rocks  form  high  ground,  though  never  rising  to  the  height  of 
the  main  elevation  of  the  Pennine  watershed.  The  Skiddaw 
slates  between  the  middle  and  inner  faults  are  usually  marked 
by  fairly  steep  vegetation-clad  slopes,  though  where  grits,  ashes, 
and  dominant  quartz  veins  exist,  they  form  hills,  such  as  Burney, 
Brownber,  and  Murton  Pike.     The  latter  is  bounded  by  faults 
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on  four  sides,  and  so  presents  the  form  of  a  pyramid  on  a 
quadrangular  base. 

The  middle  Pennine  fault  is  marked  by  a  depression  along 
the  greater  part  of  its  length.  This  is  well  seen  between 
Dufton  Pike  and  Brownber.  The  Lower  Palaeozoic  rocks 
between  the  middle  and  outer  Pennine  faults,  also  rise  into  pikes 
in  many  places,  such^as  Knock  Pike,  Dufton  Pike,  Gregory  and 
Keisley  Bank.  These  are  composed  either  entirely  of  rhyolite^ 
or,  in  the  case  of  the  last-named,  of  rhyolite  and  limestone. 
These  pikes  also  are,  in  most  cases,  bounded  by  faults. 

The  pikes  sometimes  show  the  concave  curve  of  water 
erosion,  as  Murton  Pike  and  Dufton  Pike,  while  the  summits 
frequently  have  the  convex  curve  of  weathering  beneath  vegeta- 
tion, well  shown  on  Knock  Pike.  The  importance  of 
bounding  divisional  planes  as  opposed  to  rock  structure  is  well 
exemplified  in  the  case  of  Dufton  and  Murton  Pikes,  of 
remarkably  similar  appearance,  though  the  former  is  composed 
of  rhyolite  and  the  latter  of  Skiddaw  Slates. 

Roman  Fell  exhibits  two  types  of  scener}\  It  lies  between 
the  inner  and  outer  Pennine  faults.  The  lower  part  is  Lower 
Palaeozoic  rock,  and  has  slopes  similar  to  that  of  Murton  Pike.  But 
though  the  Carboniferous  rocks  which  once  overlay  the  sum- 
mit of  Murton  Pike  have  been  removed,  they  still  occur  on 
Roman  Fell,  and  give  rise  to  the  great  mural  scarp  of  con- 
glomerate which  has  already  been  noticed  as  capping  that  fell. 
The  middle  Pennine  fault  here  passes  beneath  this  scarp, 
without  displacing  its  rocks,  showing  its  pre-Carboniferous  age 
along  this  part  of  its  course,  though  it  would  seem  that  sub- 
sequent movement  has  occurred  in  post -Carboniferous  time 
along  a  more  northerly  part  of  its  course,  to  the  south  of 
Melmerby. 

Coming  now  to  the  New  Red  Sandstone  rocks  of  Edenside, 
we  have  already  remarked  that  they  produce  lowland  as  contrasted 
with  the  elevated  ground  to  the  east  and  west ;  but  there  is 
considerable  diversity  of  character  in  this  lowland.  The 
Brockrams  and  Penrith  Sandstones  form  on  the  whole  com- 
paratively elevated  ground  for  this  lowland,  with  the  escarpment 
facing  W.  and  the  dip  slope  E.  The  softer  plant  beds  and  accom- 
panying deposits  form  a  depression,  to  the  east  of  which  is  the 
scarp-slope  of  the  St.  Bees'  Sandstone^  usually  rising  to  the 
higher  ground  on  the  west  side  of  the  outer  Pennine  fault.  The 
character  of  the  surface  of  Edenside  is,  as  before  observed, 
considerably  modified  by  the  drumlins. 

West  of  Edenside  the  Carboniferous  type  of  country  is  again 
developed,  though  the  ground  is  generally  lower  than  that  of 
the  Pennine  scarp.  This  Carboniferous  country  ends  to  the 
west  with  a  prominent  scarp  at  Shap  facing  the  Lower  Palaeozoic 
country  of  Lakeland. 
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Another  interesting  physiographical  study  is  connected  with 
the  river  courses. 

The  main  drainage  of  the  district  is  conducted  by  streams 
which  were  initiated  on  the  axis  of  uplift  of  the  Pennine  Chain 
which  produced  the  primary  watershed  of  the  area.  They  flowed 
in  the  direction  of  the  dip,  to  the  east  and  west  respectively. 
The  westerly  flowing  streams  became  tributaries  of  the  Eden 
initiated  in  the  trough  of  the  syncline,  and  accordingly  flowing 
as  a  strike-stream  in  the  direction  of  the  axis  of  that  syncline.  Few 
of  the  dip-streams,  however,  now  flow  directly  from  the  watershed 
to  the  Eden,  owing  to  capture  of  the  headwaters  of  the  less 
important  dip-streams  by  the  tributaries  of  the  more  important, 
working  along  lines  of  weakness,  whether  faults  or  soft  deposits. 
The  principal  captures  have  been  brought  about  along  the  line  of 
the  Middle  Pennine  fault,  e.g..  Great  Rundale,  flowing  behind 
Dufton  Pike  to  Swindale;  or  along  the  line  of  the  Outer 
Pennine  fault,  e,g.,  Swindale  Beck  into  Mill  Beck ;  or  again  along 
the  strike  of  the  Permian  plant  beds  and  their  associated  soft 
rocks,  e.g.<i  Murton  Beck  by  Frith  Beck  into  Mill  Beck.  These  are 
but  a  few  examples  of  many  diversions,  some  of  which  were 
probably  helped  by  glacial  interference. 

The  next  feature  of  interest  is  due  to  the  asymmetrical  nature 
of  the  uplift.  The  area  may  be  regarded  as  exhibiting  an 
asymmetrical  earth-fold,  having  a  gentle  trough  limb  to  the  west, 
sloping  eastward,  a  steep  septum  or  middle  limb  sloping  west- 
ward, and  a  gentle  arch-limb  sloping  eastward  from  the  summit 
of  the  Pennine  Chain.  This  was  complicated  by  the  Pennine 
faults,  but,  nevertheless,  the  geological  centre  of  the  fold  which 
initiated  the  drainage  from  the  top  of  the  Pennine  Chain  is 
marked  by  the  position  at  the  surface  of  the  Lower  Palaeozoic 
rocks.  The  "  law  of  uneven  slopes"  has  caused  a  modification  of 
the  initial  drainage.  As  the  western  slope  is  much  steeper  than 
the  eastern,  denudation  has  proceeded  more  rapidly  on  the  west 
side  of  the  Pennines  than  on  the  east  side.  This  is,  firstly, 
the  case  with  the  general  weathering  and  transport  of  the 
weathered  materials  by  inconstant  runnels,  and  hence  the  main 
line  of  watershed,  though  parallel  with  the  one  of  uplift  beneath 
the  Lower  Palaeozoic  rocks,  now  lies  to  the  east  of  it.  Secondly, 
the  law  of  unequal  slopes  has  caused  still  greater  difference 
between  the  erosion  of  the  westerly  and  easterly  flowing 
streams,  and  the  former  are  engaged  in  cutting  notches  through 
the  watershed  towards  the  east. 

The  most  interesting  example  of  this  is  presented  by  High 
Cup  Gill,  of  which  the  head  is  now  some  distance  east  of  the 
main  line  of  watershed.  This  gill  is  at  present  engaged  in 
capturing  for  its  tributaries  the  small  streams  which  once  drained 
into  the  Tees  by  a  tributary  running  in  the  actual  line  of  High 
Cup  Gill,  but  in  the  contrary  direction.     Part  of  this  tributary 
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of  the  Tees  still  exists  unmodified  due  east  of  the  head  of  High 
Cup  (High  Cup  Nick)  and  flows  over  the  Tyne  Bottom  Lime- 
stone, and  the  relic  of  the  floor  of  this  tributary  is  clearly 
traceable  on  either  side  of  the  upper  portion  of  the  High  Cup 
valley,  which  now  terminates  in  a  very  typical  cirque,  of  whidi 
the  semicircular  cliff  is  formed  by  the  \Vhin  Sill  and  Tyne 
Bottom  Limestone  which  here  rests  upon  it. 

The  Eden  has  by  no  means  established  its  base  level  along 
the  upper  parts  of  its  course,  and  has  been  in  geologically  recent 


Fig.  15.— Sketch  Map  of  a  Portion  of  the  Course  of  the  River  Eden. 

—J.  E,  Mart, 

Scale  6  inches  =  I  mile. 

A  is  the  town  of  Appleby.     The  tracts  of  Alluvium  are  marked  with  the  usual  sign. 

The  rest  is  rock  chiefly  drift-covered. 

times  rejuvenated,  as  shown  by  the  incised  meanders  along  a 
portion  of  its  course.  One  of  these  is  responsible  for  the 
existence  of  Appleby.  A  loop  of  the  river  causes  a  tongue  of 
high  ground,  on  the  high  narrow  neck  of  which  the  Castle  is 
built,  while  the  houses  of  the  citizens  extend  down  the  slope 
from  the  castle  towards  and  on  to  the  alluvial  tract  of  the  river. 
(See  Fig.  15). 

In  addition  to  the  incised  meanders,  there  are  hanging 
valleys  connected  with  the  tributaries  flowing  into  the  Eden 
irom  the  east.     Most  of  these,  it  is  true,  are  more  or  less  graded 
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on  those  parts  of  their  courses  which  traverse  the  New  Red 
Sandstone  Rocks,  and  only  "  hang "  above  the  outer  Pennine 
fault,  but  one  valley,  that  of  Croglin  Water,  some  miles  north  of 
Appleby,  plunges  down  cascades  and  waterfalls  immediately  above 
its  junction  with  the  Eden,  giving  rise  to  the  picturesque  features  of 
Nunnery  Walks.  The  position  of  the  hanging  valley  is  here 
determined  by  a  fairly  hard  mass  of  Penrith  Sandstone. 

Since  the  period  of  rejuvenescence,  a  sufficient  period  has 
elapsed  for  temporary  base-levelling  of  the  Eden  at  Appleby,  and 
accordingly,  owing  to  lateral  erosion,  tongues  of  alluvium  have 
been  formed  alternately  on  either  side  of  the  stream,  as  shown  in 
the  figure. 

The  encroachment  of  High  Cup  Gill  on  the  Tees  drainage 
has  been  noticed  as  an  exemplification  of  the  law  of  unequal 
slopes.  But  there  is  a  yet  more  important  cause  of  modifications 
of  the  original  Eden  drainage  which  may  now  be  considered. 

The  soft  New  Red  Sandstone  rock,  over  which  the  Eden 
runs  for  the  greater  part  of  its  course,  allowed  the  river  rapidly  to 
corrode  after  its  initiation,  and  accordingly  we  find  that  the  town 
of  Kirkby  Stephen,  where  the  southern  termination  of  the  New 
Red  deposits  is  situated,  but  seven  miles  from  the  river-head, 
is  less  than  600  ft.  above  sea-level.  We  must  go  many 
miles  farther  down  the  adjoining  Rivers  Tees,  Swale,  Ure,  and 
Lune  before  we  cross  the  600-ft.  contour-line,  for  these  rivers  run 
for  long  distances  over  rocks  of  a  harder  nature  than  that  of  the 
New  Red  Sandstone.  Accordingly  the  tributaries  of  the  higher 
parts  of  the  Eden  have  a  steeper  grade  than  those  of  the  rivers 
mentioned,  and  therefore  tend  to  extend  their  heads  backwards 
and  so  to  capture  the  headwaters  of  the  tributaries  of  the  above- 
mentioned  rivers.  In  the  case  of  the  Swale  the  capture  has 
proceeded  to  a  slight  extent  only,  but  it  is  more  marked  in  the 
case  of  the  Tees,  Ure,  and  Lune.  One  effect  of  capture  is  the 
production  of  what  may  be  termed  "  fish-hooks."  A  tributary, 
say,  of  an  easterly  fiowing  river,  has  itself  a  general  easterly 
trend.  When  captured  by  a  westerly  flowing  river  the  water 
bends  round  in  a  fish-hook  curve.  Thus  the  Balder,  a  tributary 
of  the  Tees,  appears  once  to  have  arisen  on  Warton  Fell, 
about  five  miles  W.N.W.  of  its  present  source.  It  has  been 
captured  by  two  streams,  Swindale  Beck  (one  of  many  Swindales 
in  this  district)  and  Augill  Beck,  flowing  past  Brough  into  the 
Eden,  with  the  formation  of  a  fish-hook  at  each  point  of  capture. 

A  similar  feature  occurs  at  the  head  of  the  Eden,  where  Hell 
Gill  Beck  flows  west  of  south  for  about  three  miles  as  though  to 
join  the  Ure.  The  upper  part  is  of  the  nature  of  a  hanging 
valley,  and  descends  by  Hell  Gill  Bridge  to  join  the  northerly- 
flowing  Eden,  again  forming  a  fish-hook. 

But  the  most  interesting  case  of  capture  is  seen  in  the  case  of 
the  head  waters  of  the  Lune  at  Ravenstonedale.  It  is  proposed 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  3,  1907.]  12 
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to  devote  a  day  to  this  tract,  and  a  somewhat  fuller  description  is 
necessary. 

Ravenstonedale  is  a  horseshoe-shaped  depression  among  the 
mountains  to  the  south-west  of  Kirkby  Stephen,  apparently  the 
head  of  a  valley  which  extends  west  to  Tebay,  where  the  watere 
turn  south  to  flow  through  the  gorge  of  the  Howgill  Fells,  as  the 
River  Lune.      Standing  on  an   eminence  near  the  village  of 


To  Lune. 


Scandale. 

Fig.  16. — Sketch  Map  of  a  Portion  of  the  River  Drainage  in 
Ravenstonedale.— jf.  E,  Mart, 

Scale  I  inch  =»  i  mile. 

C.  Coldbeck.  F.  "  Fish-hook."  F.B.  Friar  Bottom.  G.  Gorge. 

N.  Newbiggin.       R.  Ravenstonedale  Village.      St.  Ravenstonedale  Station. 

S.  Sandwath  Beck. 

The  broken  line  is  the  700  ft.  contour,  the  dotted  line  the  800  ft.  contour.    The 
other  contour  lines  are  not  shown. 


Ravenstonedale  the  horseshoe  seems  to  be  surrounded  by  hills. 
To  the  south  are  the  Howgill  Fells  and  Wild  Boar  Fell ;  to  the 
east  the  ridge  from  Wild  Boar  Fell  to  Ash  Fell ;  and  to  the  north 
Crosby  Garret  Fell  and  Grange  Scar.  So  obviously  does  the  tract 
within  this  horseshoe  seem  to  belong  to  the  Lune  drainage  that  it 
is  almost  with  a  shock  that  we  find  the  drainage  of  a  con- 
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siderable  tract  of  country  west  of  Wild  Boar  Fell  and  its  northerly 
ridge,  which  collects  to  form  Scandale  Beck,  flowing  through  a 
canon-like  gorge,  through  which  runs  the  railway  between  Raven- 
stonedale  and  Smardale  stations  to  fall  into  the  Eden  near 
Soulby,  at  a  height  of  nearly  500  ft  above  sea-level.  Now,  the 
500-ft  contour-line  is  not  crossed  on  the  Lune  until  we  reach 
High  Borrow  Bridge,  many  miles  away,  and  it  seems  clear  that 
the  Scandale  stream  once  starting  from  the  top  of  the  ridge 
around  the  horseshoe  near  the  present  Smardale  station  has  cut 
backwards  and  captured  the  former  source  of  the  Lune. 

In  connection  with  this  a  very  interesting  physiographical 
feature  near  Newbiggin  (a  village  close  to  Ravenstonedale  station) 
may  now  be  noticed.  (See  Fig.  16.)  South  of  Ravenstonedale 
station  a  small  stream,  Sandwath  Beck,  flows  westward  to  join  the 
Lune,  through  an  alluvial  flat,  at  a  height  of  a  little  under  800  ft. 
To  the  east  of  this  a  meandering  depression  will  be  seen  on  the 
ordnance  map  with  its  bottom  always  below  800  ft.  Let  us 
follow  this.  Walking  at  first  from  Newbiggin  to  the  N.E.,  we  find 
a  little  runnel  which  rises  near  the  Farm  of  Friar  Bottom, 
flowing  on  a  well-graded  bed  to  join  the  Lune.  At  Friar  Bottom 
we  find  to  our  surprise  that  though  in  this  meandering  valley  we 
are  on  the  watershed  between  the  Lune  and  Eden  :  from  here 
the  winding  valley  goes  to  the  south-east,  and  soon  a  stream  rises 
from  a  "keld"  and  flows  over  a  fairly  steep  but  well-graded  bed  to 
join  Scandale  Beck  (the  tributary  of  the  Eden)  north  of  Coldbeck ; 
where  it  forms  a  "fish-hook."  One  explanation  is  that  this 
meandering  valley  was  the  route  taken  by  the  former  headwaters 
of  Scandale  to  join  the  river  Lune,  but  that  on  the  capture  of 
Scandale  Beck  by  the  Eden  tributary,  a  wind-gap  was  formed. 
If  the  water  which  rises  at  the  keld  extends  backward, 
Sandwath  Beck  will  be  similarly  captured  in  the  future. 
Unfortunately  there  is  much  drift  about  here,  and  although  the 
northern  bank  of  the  meandering  valley  is  formed  of  limestone, 
the  southern  bank  is  occupied  by  glacial  materials,  and  it  may 
perhaps  be  claimed  by  glacialists  that  we  have  a  case  of  a  glacial- 
lake  overflow.  However  this  may  be,  the  actual  capture  and 
formation  of  the  Smardale  gorge  seems  to  me  to  be  entirely 
unconnected  with  glaciation.     (See  Fig.  16.) 
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PROCEEDINGS.  I49 

ORDINARY    MEETING. 

Friday,  June   7TH,  1907. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
Robert  George  Baird,  Victor  Gollancz,  L.  F.  Maxwell,  Arthur 
Rust. 

The  President  announced  that  the  arrangements  for  handing 
over  the  Library  to  University  College  were  now  completed,  and 
that  the  University  of  London  had  passed  the  following 
resolution:  *'That  the  cordial  thanks  of  the  Senate  be 
transmitted  to  the  Trustees  of  the  Geologists'  Association  for 
their  generosity  in  transferring  their  Library  to  the  University." 

The  following  paper  was  read  : — "  The  Chalk  of  Surrey  :  Part 
II,  the  Western  Area,"  by  George  W.  Young,  F.G.S.  The  paper 
was  illustrated  with  a  series  of  lantern  slides  made  by  Mr.  W.  P. 
Young. 

The  President,  in  moving  a  vote  of  thanks  to  the  author, 
commented  on  the  interesting  nature  of  the  paper  and  invited 
discussion,  in  which  Messrs.  Newton,  Treacher  and  Dibley 
joined,  and  Mr.  G.  W.  Young  afterwards  replied. 


ORDINARY    MEETING. 

Friday,  July  5TH,  1907. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
Fred  Andrews,  Roger  Meeson,  Herbert  A.  Rigg,  K.C.,  Rev. 
Henry  Percy  Thompson,  Miss  Marie  Vobe. 

The  following  paper  was  then  read : — "  The  Geology  of  the 
Appleby  District,  Westmoreland,"  by  John  Edward  Marr,  Sc.D., 
F.R.S.,  advance  copies  of  which  had  been  printed  and  were  on 
sale  to  the  members.  The  paper  dealt  with  the  district  to  be 
visited  during  the  Long  Excursion,  and  was  illustrated  with  a 
fine  series  of  lantern  views,  most  of  which  were  contributed  by 
Professor  Garwood. 

The  President  moved  a  vote  of  thanks  to  the  author,  and 
expressed  a  hope  that  all  those  present  would  come  to  Appleby 
and  hear  more  from  Dr.  Marr  in  the  field  about  the  interesting 
problems  which  he  had  discussed  in  the  paper.  He  also  alluded 
to  Professor  Garwood's  beautiful  Photographs.  Mr.  Whitaker 
and  Professor  Garwood  then  spoke,  and  Dr.  Marr  replied. 
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EXCURSION    TO    BRISTOL. 

Whitsuntide,  1907. 

Directors  :  Prof."  S.  H.  Reynolds,  M.A.,  F.G.S.,  A.  Vaughan, 

B.A.,  D.Sc,  F.G.S.,  Prof.  W.S.Boulton,B.Sc.,  A,R.C.S.,F.G.S., 

and  T.  F.  Sibly,  B.Sc,  F.G.S. 

Excursion  Secretary:  George  W.  Young. 

{Report  by  THE  DIRECTORS.) 

The  headquarters  were  at  the  St.  Vincent  Rocks  Hotel,  Clifton. 
Most  of  the  members  arrived  on  Friday,  May  17  th.  They  were 
joined  on  each  of  the  days  by  many  local  visitors,  bringing 
the  number  on  each  excursion  to  above  50. 

Saturday,  May  i8th. 
Director;  Dr.  Vaughan. 

The  members  assembled  at  the  fountain  at  the  top  of 
Bridge  Valley  Road,  where  they  were  joined  by  the  Director  at 
9.30  a.m.  Fine  weather  fortunately  presented  the  beautiful 
Avon  Gorge  in  its  most  charming  aspect  and  permitted  the  full 
programme  to  be  carried  out. 

The  great  fault  at  the  foot  of  Bridge  Valley  Road  was  seen  to 
separate  the  highest  beds  (Dg)*  of  the  Carboniferous  Limestone, 
on  the  north,  from  the  Seminula  beds  on  the  south.  The  large 
heave  of  the  fault  was  demonstrated  by  walking  southward  as  far 
as  the  base  of  Di,  and  noting  the  distance  covered,  on  the  return 
traverse,  before  the  same  bed  was  again  met  with,  in  the  main 
sequence,  north  of  the  fault. 

Dj,  Di  and  upper  Sg  were  rapidly  passed  in  review. 

Si  and  the  base  of  S2  were  more  carefully  examined  in  the 
Great  Quarry,  where  the  abundance  of  Seminula  ficoides  and  of 
Lithostrotion  martini  immediately  arrested  the  attention.  At  the 
top  of  Si  the  Cyathophylloid  Caninia  {Caninia  cylindrica  mut. 
Si)  and  the  spinose  semireticulate  Productus  were  pointed  out ; 
from  the  lowest  beds  of  S2  a  specimen  of  Carcinophyllum  6  was 
obtained. 

Time  did  not  permit  of  the  examination  of  the  Syringothyris- 
zone  (C),  but  attention  was  drawn  to  .the  importance  of  this 
period  as  one  of  wide-spread  movement,  only  indicated  in  the 
Avon  by  rocks  of  shallow-water  origin. 

The  ZaphrentiS'Zone  (Z)  was  seen  in  the  Black  Rock 
Quarry,  where  the  abundance  of  Zaphrentis  in  the  upper  part 
(Z2),  and  the  predominance  of  Brachiopods  in  the  lower  (Zi)  were 

*  For  ezplanadon  of  terms  used  see  the  Table  ante^  p.  73. 
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pointed  out  At  the  top  of  Z2  (horizon  y),  the  first  establish- 
ment of  the  Caninoid  Campophylla  and  the  acme  of  Syringothyris 
cuspidata  were  noted ;  a  little  below  this  level  occur  the  cele- 
brated "  Clifton  Fish  Beds." 

The  main  portion  of  the  Cleistopara-zont  (Lower  Limestone 
Shales  of  the  Avon  Section)  was  passed  by  without  examination, 
but  some  time  was  spent  in  studying  the  base  {Modiola  Phase  = 
Km)  of  the  zone,  in  the  railway  cuttings,  near  Cook's  Folly,  on 
the  two  Avonmouth  lines.  Here,  attention  was  especially  drawn 
to  the  evidences,  both  faunal  and  lithological,  of  extremely 
shallow  water  conditions  during  the  deposition  of  these  beds 
which  immediately  succeed  the  Old  Red  Sandstone  of  the  Avon 
section. 

Modiola  was  found  plentifully  in  the  shales  and  Athytis 
cf.  Jioissyi  was  collected  from  the  upper  cutting.  Interest 
was  also  shown  in  the  well-known  **  Bryozoa "  and  "  Palate " 
beds. 

The  party  went  by  train  from  Sea  Mills  to  Shirehampton, 
where  they  had  luncheon,  after  which  they  crossed  the  river  by 
ferry  to  Pill,  and  the  return  walk  was  made  from  Pill  to  the  base  of 
the  Carboniferous  Limestone,  on  the  Leigh  Woods  side.  In  the 
course  of  this  walk,  the  Dolomitic  Conglomerate  was  seen  lying, 
unconformably,  upon  the  Old  Red  Sandstone  in  the  cuttings  on 
the  Portishead  Railway.  The  party  also  collected  specimens 
of  Celestite  (sulphate  of  strontia)  from  stacks  which  had  been 
brought  from  the  surface  workings  at  Leigh  Court,  Abbot's 
Leigh,  where  the  mineral  occurs  in  irregular  seams  in  the  Keuper 
Marl. 

Work  was  then  resumed  upon  the  lowest  beds  of  the  Avonian 
sequence  in  a  low  riverside  exposure.  Specimens  of  Strepsodus 
were  obtained  from  the  top  of  the  Old  Red  Sandstone,  and 
Brachiopods  (Productus  bassus,  Camarotachia^  etc.)  from  the 
lowest  beds  of  K,,  immediately  above  the  Bryozoa  Beds. 

The  lowest  beds  of  the  Zaphrentts-zonQ  (Horizon  /3),  were 
searched  in  Quarry  i  and  yielded  the  Brachiopod  assemblage 
characteristic  of  that  level  (Spirijer  daihraius^  Productus 
durlingtonensis^  Spiriferina  cf,  octoplicata^  Syringothyris  aff, 
cuspidattty  etc.). 

In  Quarry  2,  the  base  of  Zj  yielded  the  early  form 
of  Schizophoria  resupinata^  associated  with  the  small  progenitors 
of  the  papilionaceous  Chonetes,  The  uppermost  beds  of  this 
quarry  displayed  Zaphrtntts  aff,  cornucopia  at  its  maximum. 

In  Quarry  3,  the  Ca«/«^Vz-Oolite  is  finely  displayed,  resting 
upon  a  fossiliferous  band  in  which  Syringothyris  laminosa  is  a 
characteristic  form.  The  ill-developed  bedding  of  the  oolite 
indicates  continuity]  of  deposition  and  the  purity  of  the  oolite- 
structure  points  to  conditions  of  clear  but  shallow  water. 

In  Quarry  4  (Sj  and  S,),  the  same  fossils  were  observed  as  in 
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the  Great  Quarry  at  the  corresponding  level  on  the  Clifton  side. 
Especial  interest  was  shown  in  the  prevalence  of  a  peculiar 
calcareous  breccia  which  exhibits  pisolitic  structure  on  a  large 
scale. 

No  further  stop  was  made  until  the  base  of  Di  was  reached, 
where  the  abundance  of  Producius  giganteus^  Cyatkophyllum 
murchisoni  and  DibunophyUum  0  was  immediately  remarked. 

After  re-passing  the  Great  Fault,  the  repetition  of  the 
sequence  along  the  side  of  the  towing-path  was  hurriedly 
reviewed  and  the  river  section  finally  left  at  the  foot  of  Rownham 
Hill,  where  tea  was  obtained. 

Halfway  up  this  hill  a  visit  was  paid  to  Rownham  Quarry 
where  Dj  beds  are  worked.  (This  is  the  level  from  which  the 
Clifton  Corals,  so  widely-distributed  in  museums,  have  almost  all 
been  obtained.)  The  quarry  was  in  a  bad  state  for  examination, 
but  most  of  the  characteristic  fossils  were  obtained  {Lonsdalia^ 
Liihostrotion  portlockiy  L.  ensifer,  Froductus  cf,  latissimus^  etc.). 
Attention  was  directed  to  the  recurrent  beds  of  patchy  limestone 
which  weather  into  rubbly  beds. 

The  Director  pointed  out  that,  although  these  are  the  highest 
beds  which  contain  Avonian  fossils  in  the  Bristol  area,  yet  they 
were  laid  down  at  an  earlier  date  than  the  Lower  Limestone  of 
Scotland ;  and  that  the  Millstone  Grit  of  Bristol,  at  least  in  its 
lower  part,  is  the  equivalent  of  the  highest  subzone  of  the  Avonian 
(Dj)  in  the  Midlands  and  north  of  England. 

After  recrossing  the  river  by  the  Suspension  Bridge,  a  brief 
visit  was  paid  to  the  uppermost  Seminula-h^^^  of  Obser\'atory 
Hill.  A  thick  limestone  bed,  crowded  with  weathered  specimens 
of  Seminula  ficoides,  was  examined  in  order  to  demonstrate  the 
internal  spiral  arms.  Finally,  the  party  was  shown  a  good 
example  of  the  peculiar  concretionary  beds  which  characterise 
the  top  of  S2  in  the  Bristol  district. 

The  thanks  of  the  Association  are  heartily  rendered  to  Mr.  E. 
Newton,  district  superintendent  of  the  Midland  Railway,  for 
permission  to  visit  the  cuttings  on  the  Avonmouth  lines  ;  and  to 
Prof.  Wertheimer,  Principal  of  the  Merchant  Venturers' 
Technical  College,  for  kindly  allowing  the  party  to  examine  the 
beds  in  the  Great  Quarry. 

Monday,  Mav  2oth,  1907. 

Excursion  to  the  Silurian  Inlier  of  the  Eastern  Mendips. 

Director:  Prof.  Reynolds. 

Leaving  Bristol  at  9.30  the  party,  numbering  about  50,  reached 
Shepton  Mallet  at  n.20.  There  they  were  joined  by  Mr.  H.  B. 
Woodward,  and  after  some  delay,  due  to  insufficient  carriage 
accommodation,  started  for  Beacon  Hill,  where  the  coarse,  ashy 
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conglomerate  is  exposed  at  the  Rifle  Butts.  Firing,  however, 
was  going  on  and  rendered  a  visit  to  the  exposure  impossible. 
The  party  then  proceeded  to  Sunnyhill  Quarry,  where  the  finest 
section  of  the  Silurian  igneous  series  occurs.  The  exposure 
shows  a  very  varied  series  of  tuffs  about  loo  ft  thick  in  all, 
underlying  a  thick  mass  of  pyroxene  andesite.  A  considerable 
number  of  fossils  were  found  in  the  lower  part  of  the  tuff  section. 
Crossing  the  road  to  the  large  and  well-known  Moon's  Hill 
quarry  good  specimens  of  the  lava,  which  here  as  everywhere 
else  in  the  district  is  a  pyroxene  andesite,  were  collected.  Mr. 
H.  B.  Woodward  took  this  opportunity  of  congratulating  the 
Director  on  having  added  the  Silurian  to  the  map  of  Somerset. 
In  the  small  quarry  south  of  the  tunnel  a  block  of  tuff  was  found 
which  may  possibly  have  fallen  from  an  exposure  on  the  quarry 
face.  No  tuff  has  yet  been  found  in  situ  at  Moon's  Hill.  The 
party  then  walked  across  the  fields  to  the  quarry  in  coarse,  ashy 
conglomerate  to  the  east  of  Moon's  Hill.  The  Director  explained 
the  various  suggestions  which  have  been  made  to  account  for 
this  curious  deposit.  The  general  opinion  appeared  to  be  that 
the  rounding  of  the  blocks  could  only  have  been  accomplished 
by  water  action,  and  certain  indications  of  bedding  which  were 
detected  in  the  finer  grained  material  were  held  to  support 
this  view. 

The  next  halt  was  made  at  Tadhill,  the  spot  where  Silurian 
fossils  were  first  met  with  in  the  Mendips.  The  rock  here  is  a 
fine-grained  felspathic  tuff,  and  though  the  trench  which  afforded 
a  good  section  of  the  material  had  been  filled  in,  many  fossils 
were  collected  from  the  loose  debris.  Most  of  the  party  then 
walked  across  the  fields  to  Downhead,  where  there  is  a  third 
large  quarry  in  pyroxene  andesite,  not  differing  materially  from 
the  rock  exposed  at  Moon's  Hill  and  Sunnyhill.  Joint  planes  in 
this  quarry  were  lined  by  a  peculiar  pale,  flexible  material,  which 
proved  on  examination  to  be  nearly  pure  magnesium  silicate. 

Rejoining  the  brakes  at  Downhead,  the  party  drove  through 
the  beautiful  village  of  Mells  to  Frome,  where  tea  was  obtained 
at  the  Wallbridge  Hotel,  and  returned  to  Bristol  by  the  5.50 
train.  It  was  hoped  that  time  would  have  permitted  a  visit  to 
the  Vallis  quarries,  where  the  upper  beds  of  the  Inferior  Oolite 
rest  with  strong  unconformity  on  the  Carboniferous  Limestone, 
but  this  was  impossible,  though  a  distant  view  of  the  quarries  was 
obtained  from  the  carriages. 

Tuesday,  May  2ist. 
Director  :  Mr.  T.  F.  SiBLY. 

The  party  left  Bristol  by  the  9.30  train,  and,  alighting  at 
Burrington  Station,  walked  to  Burrington  Combe,  where  the 
day's  work  began.    The  basal  beds  of  the  Didunophyiliim-zon^, 
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exposed  in  a  quarry  at  the  mouth  of  the  Combe,  were  first 
examined.  Ascending  the  Combe,  the  Seminuia-zone^  which  is 
not  well  exposed,  was  passed  over,  and  the  next  halt  was  made  to 
examine  the  upper  beds  of  the  Syringothyris-zonQ,  The  strongly 
oolitic  nature  of  these  beds  was  noted,  and  several  specimens  of 
Cyathaphyllum  ^,  a  characteristic  fossil,  were  obtained.  After  a 
brief  examination  of  the  lower  Syringothyris^A'^^  some  time  was 
devoted  to  collecting  from  the  highly  fossiliferous  limestones  of 
Horizon  y.  Numerous  fossils  were  obtained,  including  many 
specimens  of  Caninia  cylindrical  the  great  abundance  of  which 
coral  characterises  this  level. 

Continuing  the  walk  up  the  Combe,  the  fine  escarpment  of 
Z2  limestones  on  the  south  side  of  the  road  was  noticed.  Some 
members  of  the  party  accompanied  the  Director  up  a  tributary 
ravine  to  examine  the  shales  of  the  lower  Cleistopora-ixme 
{Afodio/a-phsise),  and  the  uppermost  beds  of  the  Old  Red  Sand- 
stone, exposed  in  the  stream-section.  Others  stayed  to  collect 
fossils  from  the  Zaphrentis-beds.  The  attention  of  members  was 
drawn  to  the  disappearance  of  the  stream  in  a  swallet  beside  the 
road. 

Joining  the  brakes,  the  party  drove  over  the  Mendips  and 
down  the  magnificent  Carboniferous  Limestone  gorge  of  Cheddar. 
Time  did  not  permit  of  an  examination  of  the  fossiliferous  beds 
at  the  base  of  the  Serfiinu/azone,  but  a  halt  was  made  at  the 
quarry  lower  down  the  gorge,  and  fossils  were  collected  from  the 
upper  beds  of  Si,  there  exposed.  The  abundance  of  Lithostrotion 
martini  in  these  beds  was  noted. 

Arriving  at  the  stalactite  caves  the  party  divided  into  two 
sections,  one  of  which  visited  Cough's  Cavern  and  the  other 
Cox's  Cavern.  A  few  energetic  members  found  time  to  see 
both. 

After  tea  at  the  Cliff  Hotel  the  party  returned  to  Bristol  by 
the  5.21  train. 

Wednesday,  May  2 2nd. 

Directors  :  Prof.  W.  S.  Boulton  and  Prof.  REYNOLDS. 

Leaving  Bristol  at  9.5,  the  party,  strengthened  by  a  contingent 
from  Clevedon,  reached  Weston  at  9.46,  finding  brakes  await- 
ing them.  They  then  drove  round  the  eastern  end  of  Worle 
Hill,  where  a  halt  was  made  at  the  quarries,  and  Mr.  Sibly  drew 
attention  to  the  overfold  in  the  Seminula  beds  due  to  the  reversed 
fault  traversing  the  hill.  Rejoining  the  brakes,  the  party  drove  to 
W^oodspring  Priory,  whence  they  walked  along  the  ridge  to  the 
most  westerly  of  the  four  sections  of  igneous  rocks  which  here 
occur  interbedded  in  the  Carboniferous  Limestone  series.  The 
section  is  given  in  detail  on  p.  63  of  the  current  volume  of  the 
Proceedings.    Some  members  of  the  party  devoted  their  attention 
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to  the  underlying  limestone  (hor.  Zg),  which  is  one  of  the  richest 
collecting  grounds  in  the  Bristol  district.  The  second  and  third 
exposures  of  the  igneous  series  which  lie  about  half  a  mile  to  the 
east  of  the  first  were  then  visited,  and  here,  though  the  lava  is 
absent,  the  tuff  is  rather  thicker  than  in  the  western  exposure. 
Much  attention  was  paid  to  certain  sandy  bands  with  peculiar 
vertical  bodies  which  occur  at  the  top  of  the  igneous  series. 

Mr.  Sibly  contributes  the  following  note  as  to  the  position  of 
the  igneous  rocks  at  Woodspring : 

"The  horizon  of  the  igneous  rocks  in  the  Woodspring  ridge  can 
be  determined  with  considerable  accuracy,  and  the  following  facts 
are  worthy  of  special  mention.  In  the  westernmost  exposure, 
where  the  volcanic  series  attains  its  maximum  development,  the 
igneous  rocks  occur  immediately  under  horizon  y.  In  the  eastern- 
most exposure,  however,  where  the  igneous  series  is  represented 
only  by  a  few  feet  of  tuff,  this  tuff  occurs  at  the  top  of  horizon  y, 
and  is  immediately  overlain  by  the  unproductive  ^^  Laminosa- 
dolomites,"  the  basal  beds  of  the  Syringothyris-zon^,  The  tuff 
seen  in  the  easternmost  exposure  must,  therefore,  be  of  later  date 
than  any  part  of  the  volcanic  series  seen  in'  the  westernmost 
exposure." 

From  Woodspring  the  party  drove  through  Kew  Stoke  to 
Spring  Cove,  near  the  Old  Pier,  Weston.  Professor  Boulton 
described  the  main  features  of  the  basalt  lava-flow  in  the  lime- 
stone, which  is  here  exposed  from  the  cliffs  across  the  fore-shore 
to  low- water,  a  distance  of  about  1 50  yards.  The  special  features 
noted  were : 

(a.)  The  complex  character  of  the  flow :  the  coarse,  pillowy 
structure  at  the  cliff  end,  with  the  tuff-like  character  of  the 
basalt  between  the  spheroids. 

(^.).  The  lumps  and  masses  of  oolitic  limestone  (see  Plate 
IV,  Fig.  i),  now  largely  converted  into  dolomite,  and  in  many 
cases  apparently  picked  up  as  calcareous  mud  by  the  lava  and 
squeezed  into  spaces  between  the  spheroids  of  basalt. 

(c)  The  agglomeratic  character  of  the  middle  portion  of  the 
flow,  with  lumps  of  scoriaceous  basalt  (see  Plate  IV,  Fig.  2),  as 
well  as  limestone  embedded  in  a  coarse  ash,  all  showing  signs 
of  successive  outpourings  along  the  calcareous  floor  of  the  sea, 
and  not,  as  at  Middle  Hope,  the  deposition  of  ash  to  form 
stratified  layers  in  the  limestone. 

(</)  The  contact-phenomena  at  the  junction  of  the  limestone 
below  the  lava,  and  the  discoloration  and  dolomitization  of  the 
underlying  beds. 

After  tea  at  Huntly's  Restaurant  the  6.30  p.m.  train  was  taken 
for  Bristol,  and  the  excursion  brought  to  a  close,  most  of  the 
members  returning  to  London  by  the  7.24  train  from  Bristol. 
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Excursion  to  Portishead. 

(Report  by  ProF.  REYNOLDS.) 

During  their  stay  at  Bristol  some  of  the  members  made  an 
unofficial  excursion  to  Portishead.  The  first  spot  visited  was  Fore 
Hill,  where  the  relation  of  the  Carboniferous  Limestone  to  the  Old 
Red  Sandstone  is  difficult  to  understand,  and  several  varying 
interpretations  based  on  faulting  have  been  suggested.  The  party 
then  proceeded  to  Battery  Point,  which  is  formed  of  limestone 
(hor.  /3).  A  short  distance  to  the  south  the  Cleisiopora  beds  (K), 
which  are  finely  exposed  and  very  fossiliferous,  are  thrown  into  a 
series  of  small  flexures  probably  owing  to  a  reversed  fault  which 
brings  lower  beds  (hor.  a)  over  them.  At  this  point  the  party 
divided,  some  proceeding  viA  the  limestone  quarries  of  the 
Portishead  and  Clevedon  road,  the  others  by  the  coast  path 
which  displays  a  splendid  series  of  unconformities  between  the 
Old  Red  Sandstone  and  Dolomitic  Conglomerate.  The  two 
sections  reunited  at  Walton  Castle,  near  Clevedon,  and  after  a 
visit  to  Coles'  Quarry,  where  the  superficial  deposits  are  of  much 
interest,  and  a  small  cave  has  yielded  many  bones,*  drove  back 
to  Bristol. 

The  President  during  the  course  of  the  excursion  took  the 
opportunity  of  thanking  in  turn  the  various  Directors  for  the 
great  interest  that  the  excursion  had  afforded  to  the  members. 

EXPLANATION    OF     PLATE     IV. 

Fig.  I. — Mass  of  oolitic  limestone  embedded  in  basalt.  The  margin  of  the 
limestone  has  been  baked  by  the  hot  lava.  The  basalt  also  shows  veins  and 
strings  of  infiltrated  calcareous  matter. 

Fig.  2. — Spheroids  of  amygdaloidal  basalt  embedded  in  Tuff.  The  latter 
has  flowed  out  in  a  fragmental  condition,  carrying  lumps  of  basalt  with  it. 
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SEAFORD    AND    NEWHAVEN. 

Saturday,  June   ist,  1907. 

Director-,  J.  Vincent  Elsden,  B.Sc,  F.G.S. 
Excursion  Secretary :  Mark  Wilks, 

(^Report  by  THE  DIRECTOR.) 

In  spite  of  threatening  weather,  a  party  of  ten  met  the  Excursion 
Secretary  at  London  Bridge  Station  and  travelled  by  the  9.45  a.m. 
train  to  Berwick  Station  on  the  L.  B.  &  S.  C.  Railway.  Here 
attention  was  drawn  to  a  section  in  the  railway  cutting  near  the 

*  Some  of  these  bones  were  exhibited  by  Dr.  H.  C.  Male  at  the  conversazione  in 
November  last. 
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Station,  where  a  covering  of  coarse  gravel  rests  upon  Lower 
Greensand  on  the  loo  ft.  contour  and  more  than  70  ft.  above  the 
level  of  the  Cuckmere  river.  A  brickyard  on  the  north  side  of 
the  line  is  on  Weald  Clay,  so  that  the  junction  here  is  not  far 
from  the  railway  cutting.  The  examination  of  this  feature, 
not  being  included  in  the  day's  programme,  the  party  set 
out  along  the  field  path  to  Selmeston,  near  which  place  a 
sand  pit  shows  some  fifteen  feet  of  ferruginous  sand  in  the  top- 
most part  of  the  Lower  Greensand.  The  junction  with  the 
Gault  was  not  seen  in  this  pit,  but  was  formerly  exposed  near 
the  church  close  by,  in  a  sand-pit  now  disused.  A  search  was 
here  made  for  the  Gault  basement-bed,  but  without  success,  as 
the  section  was  obscured  by  slips  and  overgrowth.  Clayey  sands, 
possibly  from  the  base  of  the  Gault,  were  seen  in  places  oi> 
the  east  side  of  the  pit,  but  on  the  west  side  Lower  Green- 
sand is  alone  exposed.  This  pit  has  a  special  interest  as  being 
the  supposed  locality  whence  Mantell  procured  from  the  Gault 
basement-bed  the  specimen  of  Zamia  (Pinites)  Sussexiensis^ 
described  by  Mr.  Carruthers  as  unique.* 

Bristow*s  description  of  the  section  formerly  exposed  here  is 
as  follows : 

i  Dark  olive-green  clayey  sand. 
Gault.  <  Grey  and  ferruginous  sand  with  phosphatic  nodules 

(  and  fossil  wood  =  basement  bed.    6  inches. 

Lower  Greensand.  Greenish-white  sand,  with  green  grains,  weathering 
ochreous  brown. 

The  Director  called  attention  to  the  fact  that  when  he 
examined  this  section  in  1886  there  was  exposed  a  large  pocket 
of  coarse  gravel,  similar  10  that  seen  near  Berwick  railway 
station.  This  is  figured  in  a  paper  published  in  the  Quarterly 
Journal  of  the  Geological  Society,^  These  gravel  patches  are 
frequently  found  occupying  the  higher  contours  in  the  southern 
margin  of  the  Weald,  and  in  this  area  are  almost  on  the 
watershed  between  the  valleys  of  the  Cuckmere  and  the  Ouse. 
They  form  part  of  the  angular  fliint  drift  first  described  by 
Murchison,J  and  similar  deposits  have  been  noted  on  the 
watersheds  of  all  the  river  basins  of  the  southern  Wealden  area. 
Their  precise  age  and  origin  remain  still  somewhat  obscure. 

The  walk  was  continued  along  the  road  towards  Alciston,  and 
it  was  noted  that  stiff  clays,  presumably  Gault,  had  been  thrown 
up  out  of  roadside  trenches  between  the  "  Barley  Mow"  Inn  and 
the  sign- post  The  width  of  the  Selbornian  outcrop  is  scarcely 
more  than  a  mile  at  this  place,  and  at  Alciston  the  boundary 
between  the  Upper  Greensand  and  the  Chalk  is  reached. 

•  Gtol,  Mag.,  vol.  iil,  p.  5^x. 

t  J.  V.  Elsdem    "On  the  Superficial  Geology  of  the  Southern  Portion  of  the 
Wealden  Area."  Quart.  Joum.  Gcol.  Soc^  vol.  xUli^  p.  647  (2887). 
%  Quart.  Joum.  Geol.  Soc,  vol.  vli,  p.  349. 
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At  Alciston  some  large  boulders  of  greywether  sandstone 
were  noted.  They  are  at  an  altitude  of  172  ft.  O.D.,  and  their 
origin  will  be  discussed  below. 

Rain  had  so  far  been  falling  freely,  and  the  walk  from  Alciston 
to  Alfriston,  along  the  base  of  the  chalk  escarpment,  was  accom- 
plished under  conditions  of  considerable  discomfort,  during  which 
the  marly  character  of  the  surface  was  disagreeably  evident. 
The  absence  of  hard  beds  from  the  Upper  Greensand  in  this 
locality  renders  its  outcrop  much  less  noticeable  from  surface 
contours  than  is  usually  the  case  farther  to  the  west,  where  a  con- 
spicuous terrace  exists.  It  is  noteworthy,  also,  that  the  hard  beds 
of  malmstone  reappear  in  the  Upper  Greensand  at  Eastbourne, 
where  they  have,  in  the  past,  been  quarried  for  building  stone  for 
local  use. 

At  Alfriston,  after  a  short  halt  at  the  famous  "  Star  "  Inn,  a 
visit  was  paid  to  the  Church,  where  the  Vicar,  the  Rev.  C- 
Doughty,  met  the  party  and  very  kindly  pointeid  out  several 
features  of  geological,  architectural,  and  antiquarian  interest 
The  Church  is  a  fine  specimen  of  squared  flint  architecture.  It 
is  a  cruciform  structure  of  the  14th  century,  showing  a  transition 
between  the  Decorated  and  Perpendicular  styles.  There  are  piers 
and  dressings  of  sandstone  from  the  Eastbourne  quarries  referred 
to  above.  The  same  stone  seems  to  have  furnished  the  shaft  of 
the  old  market  cross,  which  is  noteworthy  as  being  the  only 
example,  except  that  at  Chichester,  still  remaining  in  Sussex. 

At  Alfriston  a  considerable  number  of  greywethers  occur,  and 
are  apparently  often  in  their  natural  positions.  Those  previously 
seen  at  Alciston  appear  to  have  been  moved  for  the  purpose  of 
forming  boundary  stones.  These  greywethers,  sarsen  or  Druid 
stones,  are  fairly  plentiful  either  upon  or  near  the  chalk  in  certain 
localities,  and  are  generally  admitted  to  be  relics  of  Lower  Tertiary 
beds.  It  is,  therefore,  especially  interesting;  to  determine  to  what 
extent  they  occur  in  sM,  and  how  far  they  may  be  taken  to  in- 
dicate the  former  extension  of  Tertiary  strata.  Their  present 
distribution  is  distinctly  sporadic,  and  their  nearest  occurrence 
in  any  number  in  this  neighbourhood  is  near  Brighton  and 
Falmer.  It  has  been  suggested  that  the  Ancient  Britons  may 
have  regarded  these  hard  sandstones  with  superstitious  venera- 
tion, since  they  employed  them  largely  for  temples,  sepulchral 
monuments,  altars,  and  for  other  purposes.  It  must  not  be  for- 
gotten, also,  that  in  places  where  hard  stone  is  scarce  they  may 
have  been  used  for  various  economic  purposes,  and  many  have 
probably  been  broken  up  for  mending  roads.  These  stones  afford 
a  striking  example  of  the  close  connection  which  often  exists 
between  geology  and  archseology,  for  neither  science  is  in  a 
position  to  draw  accurate  conclusions  as  to  the  significance  of  the 
distribution  of  these  stones  without  the  help  of  the  other.  If, 
therefore,  it  is  admitted  that  the  Alfriston  boulders,  which  are 
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often  of  large  size  and  weigh  several  tons,  are  nearly  in  si/u,  they 
must  be  taken  to  indicate  a  former  considerable  extension  of  the 
Lower  Tertiary  beds.* 

From  Alfriston  the  party  proceeded  by  the  road  towards 
Seaford,  along  which  are  several  chalk  pits,  which  were  only  hastily 
examined.  The  large  quarry  beneath  the  windmill  first  claimed 
attention.  This  shows  chalk  without  flints,  in  well-marked  bands 
of  solid  chalk,  alternating  with  soft  marly  seams.  The  only  fossils 
found  were  Rhynchonella  reedensiSy  Eth.,  and  a  very  imperfect 
Terebraiula,  The  quarry  is  probably  in  the  Middle  Chalk,  since 
a  little  farther  along  the  road  flinty  chalk  crops  out  by  the  road- 
side. Patches  of  gravel  occur  here  in  places,  and  from  their 
position  appear  to  be  terrace  gravels  of  the  Cuckmere  river. 
They  are  about  fifty  feet  above  the  present  river  level. 

In  a  dip  about  half  a  mile  farther  on  there  is  a  small  roadside 
quarry  in  flinty  chalk,  as  well  as  a  good  exposure  in  the  road- 
cutting,  where  well-marked  bands  of  tabular  flint  are  seen.  The 
Director  stated  that  he  had  previously  obtained  here  the  following 
fossils,  which  had  been  kindly  determined  by  Mr.  H.  A.  Allen,  of 
the  Geological  Survey :  Micraster  precursory  Rowe,  Cidaris 
ciavigeray  Koenig,  Cidaris  sceptriferoy  Mant.,  Echinacorys  scutatuSy 
Leske,  Porosphara  globularisy  Phil.,  Porosphcsra  piholuSy  Lam., 
Spondylus  spinosuSy  Sow.  This  assemblage  scarcely  fixes  the  zone 
with  certainty,  but  it  would  seem  to  indicate  a  low  horizon  in  the 
Upper  Chalk.  It  may  be  incidentally  mentioned  here  that  in  the 
Upper  Chalk  of  Alfriston  there  have  been  found  rhombohedral 
crystals  of  calcite  of  remarkable  whiteness  and  purity,  closely 
resembling  Iceland  spar,  and  diflering  from  the  yellow  columnar 
variety  known  popularly  as  "  sugar  candy,"  so  often  met  with  in 
the  chalk. 

Ascending  the  hill  to  Hindover,  a  fine  view  is  obtained  of  the 
whole  Cuckmere  gorge  from  the  chalk  escarpment  to  the  sea,  where 
the  river  mouth  has  been  strongly  deflected  by  the  easterly  drift 
of  the  shingle.  A  reference  to  the  physiographical  features  of 
this  area  and  the  denudation  of  the  Weald  had  been  contemplated 
here,  but  rain  was  again  falling,  and  the  time  having  already  been 
considerably  shortened  by  stress  of  weather,  the  party  pressed  on 
towards  Seaford.  Near  the  cemetery  a  large  quarry  in  the  chalk 
was  passed,  and  the  Director  enumerated  the  following  fossils 
which  he  had  recently  obtained  from  it:  Crania  egnabergensiSy 
Retz,  var.  striata)  Pecteny  sp.,  Rhynchonellay  sp,y Ostreoy  sp.,  Cary- 
ophyllia  cylindraceay  Reuss,  Spondylus  latuSy  Sow.,  Bryozoa  and 
ossicles  of  star  fish.  Mr.  Allen  had  again  kindly  made  the 
determinations  of  these  fossils.  The  chalk  here  is  soft  and  flaky, 
with  many  large  flints.     The  exact  horizon  is  not  certainly  in- 

*  For  details  of  the  oocurrence  of  greywethers  in  other  localities,  see  Prestwlch, 
Quart,  Joum,  Geol.  Soc„  yoI.  z,  pp.  75  *f  '<9*;  also  Whitaker,  ibid,,  vol.  xvill,  pp.  271 
€t  seq. 
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dicated  by  the  above  scanty  fauna,  although  the  Actinocamax 
guadratus-zonQ  would  be  suspected  from  the  sequence  and  strike 
of  the  beds  in  the  cliff  section  near  at  hand. 


tifffir^ 


Fig.  17. — Geological  Map  of  the  Newhaven  Outliers. 

—  fV.    Whitaker. 
Scale  I  inch  to  a  mile. 

a,  London  Clay.  c.  Chalk. 

b.  Woolwich  and  Reading  Beds.  d.  Alluvium. 

X    X   Between  these  points  the  Chalk  is  capped  by  a  wash  of  the 
Tertiary  Beds, 

{Rtproduc§d  by  kind  permission  0/  the  Council  of  the  Geological  Society.) 


At  Seaford,  on  reaching  the  golf  links,  an  inspection  was 
made  of  a  sand  pit  in  the  Tertiary  outlier  on  the  western  flank 
of  Seaford  Head.  Here  about  12  ft.  of  ferruginous  sand,  with 
large  muscovite  flakes,  glauconite  grains,  and  some  ferruginous 
concretions,  are  exposed.  These  are  in  the  Woolwich  and 
Reading  beds,  and  represent  the  lower  part  of  the  Tertiary  series 
seen  at  Newhaven.  On  the  cliff  the  same  beds  are  seen  resting 
on  the  Chalk,  with  a  concretionary  band  of  flints,  sometimes 
green-coated,  at  the  base.  There  are  no  fossils  in  this  exposure. 
The  underlying  chalk  is  in  the  Actinocamax  quadra tus-zov\^  as 
determined  by  Dr.  Rowe,  and  specimens  of  Offaster  pillula^ 
Lam.,  Rhynchonella  pticatilis^  Sow.,  Echinocorys  scutatus^  Leske, 
var.  gibba  occur  in  it.  The  state  of  the  tide  did  not  permit  of 
an  examination  of  the  Marsupiies-zone^  which  is  well  exposed  in 
the  cliff,  east  of  the  stone  groyne.  The  strata  have  a  pronounced 
westerly  dip,  whereas  at  Newhaven  the  bedding  is  nearly 
horizontal.  The  party  now  proceeded  to  the  railway  station  and 
took  train  to  Newhaven  Harbour,  observing  on  the  way  sections 


EXCURSION  TO   THE   CUCKMERE  VALLEY.  l6l 

of  Chalk,   capped  by  flint  gravel,  and  presenting  a  markedly 
corroded  surface. 

Crossing  the  harbour  by  the  ferry,  the  ascent  of  Castle  Hill 
soon  brought  into  view  the  ancient  British  earthworks,  in  which 
are  exposed  good  sections  of  the  Tertiary  outlier,  resting  upon 
Chalk  of  the  Actinocamax  quadratus-zont.  The  full  succession 
is  as  follows : 


Woolwich  and  - 
Reading  Beds. 


Post  Tertiary,    Coarse  red  gravel  and  sand,  about  15  ft.  thick. 

{Clay,  about  10  ft.  thick,  consisting  of  brownish  clays 
and  loams,  with  a  basement-bed,  about  I  ft.  thick, 
of  sandy  clay  with  flint  pebbles. 
'  Laminated  bluish-grey  clays,  about  5  ft.  thick. 
Shell  beds,  with  oyster  bed,  passing  into  shelly  clays, 

about  6  ft.  thick. 
Light-coloured  sands  and  clay,  about  6  ft.  thick. 
Laminated  clays  and  marl,  about  lo  ft.  thick,  with  thin 

shell  beds. 
Thin  beds  of  sandy  clay  with  lignite,  6  in.  thick. 
Bluish  clay  and  marl,  weathering  brown,  with  selenite, 

12  ft.  thick. 
Sand,  20  ft.  thick,  yellowish-green  or  mottled. 
Flint  breccia,  about  2  ft.  thick,  with  green-coated  and 
iron-stained  flints,  embedded  in  green  sand  and  often 
cemented  to  a  hard  projecting  band. 
^Clay,  varying  in  thickness,  not  more  than  ij  ft.  contain- 
ing selenite  and  Websterite  locally. 
Chalk.  Chalk  of  the  Actinocamax  quadratus-zont. 

Owing  to  many  slips  and  falls  of  the  cliff  the  sequence 
in  this  section  is  difficult  to  see.  Mr.  Whitaker's  diagram 
{Fig.  18)  shows  why  later  observers  have  recorded  beds 
higher  in  the  series.  The  basement  bed  of  the  London  Clay 
was  first  noted  by  Prestwich  in  1854.  The  junction  with  the 
Chalk  is  especially  difficult  to  examine  in  situ  at  all  times,  and 
was  impossible  on  this  occasion  in  the  slippery  state  of  the  cliff 
after  so  much  rain.  It  is  a  ferruginous,  flinty  conglomerate, 
somewhat  like  that  seen  at  Seaford,  but  containing  much  selenite, 
often  in  large  crystals,  and  also  the  hydrous  sub-sulphate  of 
alumina,  known  as  Websterite,  or  Aluminite.  This  occurs  in 
massive  form,  often  tabular,  and  is  dull  white  in  colour,  with  an 
earthy  fracture.  With  it  is  sometimes  found  friable  masses  of 
aluminium  hydrate,  resembling  magnesia  in  appearance.  These 
minerals  result  from  chemical  reactions  in  the  strata,  in  which  the 
oxidation  of  pyrites  and  liberation  of  sulphuric  acid  are  the 
primary  factors.  Aluminium  sulphate  and  selenite  are  then 
formed,  and  the  basic  salt  is  probably  a  result  of  hydrolysis. 
Good  specimens  can  often  be  got  from  the  fragments  of  con- 
glomerate lying  at  the  base  of  the  cliff.  The  fossils  found  in  the 
Woolwich  and  Reading  beds  here  include  Ostrea  bellovacina^ 
Melania  inquinaiay  Cyrena^  Cerithium^  Melanopsis^  CypriSy  Unio^ 
as  well  as  fish  teeth  and  plant  remains.  The  London  Clay 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  3,  1907.]  13 
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occupies  a  very  small  area  on  the  cliff  top  in  this  particular 
exposure,  and  on  the  present  occasion  was  not  recognised  in  the 
diff  section.  It  was  formerly  exposed  in  the  castle  moat,  now 
bricked  up,  and  will  probably  be  better  seen  when  the  cliff  has 
receded  farther. 

A  thick  coating  of  flint  gravel  covers  the  top  of  the  hill  at  an 
altitude  of  about  1 80  ft.  above  sea  level.  This  is  probably  the 
equivalent  of  the  "  Head "  or  Elephant  Bed  covering  the 
Brighton  raised  beach,  in  which  case  it  would  be  classified  as 
Coombe  Rock,  of  which  there  are  numerous  patches  scattered, 
at  various  elevations,  over  the  chalk  area  in  this  neighbourhood. 
The  term  Coombe  Rock  is  of  purely  local  origin,  and  was  first 
used  geologically  by  Mantell.*  The  deposits  have  been  described 
in  (Jetail  in  recent  years  by  Mr.  Clement  Reid.     It  is  believed  by 


^f»i>»y#r#/; 
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Fig.  18.— Diagram   Section   of  the  Cliff  a  Quarter  of  a  Mile 
West  of  Newhaven  Harbour.— ^^.  WkitaJker, 

a.  London  Clay.  c.  Chalk. 

b.  Woolwich  and  Reading  Beds.  Gravel  omitted. 

The  dotted  lines  show  the  former  continuation  of  the  various  beds. 
(Reproducid  by  kind  permisiion  of  the  Council  of  the  Geological  Society.) 

him  to  have  been  the  result  of  tundra  conditions  during  the 
glacial  period,  when  the  surface  drainage  was  disturbed  by  the 
impermeability  of  the  frozen  soil.  The  stones  in  this  gravel 
consist  largely  of  angular  flints,  with  some  fragments  of  ironstone, 
which  latter  may  have  been  derived  from  Tertiary  beds.  It  is 
evidently  of  tumultuous  origin,  and  its  distribution  seems  to 
possess  but  little  relation  to  existing  lines  of  drainage. 

After  passing  some  time  in  the  examination  of  the  Castle  Hill 
section  the  party  proceeded  to  the  Sheffield  Hotel,  where  tea  was 
provided.  The  chair  was  occupied  by  the  President,  and,  after 
the  customary  vote  of  thanks  to  the  Director,  a  start  was  made  to 
the  railway  station  for  the  return  journey  to  London. 

Bad  weather  greatly  marred  an  excursion  which  would  other- 
wise have  afforded  much  enjoyment  on  account  not  only  of  the 
variety  of  the  geological  features,  but  also  of  the  attractive 
scenery  along  the  route. 

•  "  Geology  of  the  South-East  of  England,"  p.  31  (1833). 
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EXCURSION    TO    CROWBOROUGH. 

Saturday,  June  8th,  1907. 

Director:  The  President  (R.  S.  Herries,  F.G.S.). 

Exasrsion  Secretary  :  A.   H.  Williams. 

^Report  by  THE  DIRECTOR.) 

The  members,  18  in  number,  left  London  Bridge  Station  by 
the  12.25  train,  arriving  at  Crowborough  at  2.16.  Here  they 
were  met  by  one  of  the  staff  of  the  Crowborough  District 
Water  Company,  who  had  been  kindly  sent  by  Mr.  Middleton, 
the  resident  engineer  and  manager.  As  there  was  not  time  for 
the  party  to  visit  the  Waterworks,  Mr.  Middleton  had  sent  for  their 
inspection  the  cast  of  the  footprint  of  a  large  Iguanodon,  which 
had  been  discovered  some  time  previously  during  the  progress  of 
excavations  there.  The  footprint  was  in  the  roof  of  the  excava- 
tion, and  had  been  subsequently  cut  out  and  sent  to  the  Brighton 
Museum.  The  cast  was  examined  by  the  members  with  much 
interest,  and  a  special  vote  of  thanks  was  passed  to  Mr. 
Middleton  for  his  kindness  in  sending  it  for  the  party  to  see. 
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Dr.  George  Abbott,  who  was  present,  had  brought  some 
photographs  of  the  footprint,  which  he  kindly  exhibited.  The 
party  then  entered  the  large  brickyard,  near  the  station,  belong- 
ing to  the  Crowborough  Brick  Company,  by  whose  kind  permis- 
sion they  were  allowed  to  visit  it.  This  shows  a  section  of  whitish 
sands  and  clays,  with  occasional  beds  of  lignite  and  some  clay 
ironstone.  The  sandy  beds  harden  into  sandstone  in  places. 
There  are  a  good  many  impressions  of  vegetable  matter,  and 
some  specimens  of  Unio  were  noted.  This  brickyard  and  the 
station  are  situated  at  the  foot  and  on  the  east  side  of  Crow- 
borough  Beacon  Hill,  in  the  hamlet  of  Jarvisbrook,  at  a  level  of 
about  400  ft.  O.D.  The  Director  explained  that  these  beds 
formed  part  of  the  series  known  as  the  Ashdown  Sands,  one  of 
the  sub-divisions  of  the  Hastings  Sands.  He  added  that  all  the 
beds  that  would  be  seen  that  day  belonged  to  that  division,  so 
far  as  could  be  ascertained.  As  the  lop  of  the  hill  was 
approximately  800  ft.  O.D.,  and  the  beds  were  nearly 
horizontal,  there  being  only  a  slight  dip  in  places,  generally 
away  from  the  hill,  it  would  appear  that  their  thickness  must 
be  at  least  400  ft.  The  beds  are  very  similar  throughout, 
sands  and  sandstones  alternating  with  clay,  the  former  pre- 
dominating. The  series  at  Crowborough  was  not  capable  of 
sub-division,  but  probably  the  lower  portions,  namely,  those  at 
Jarvisbrook  and  in  Crowborough  Warren,  were  the  equivalents  in 
time  of  the  so-called  Fairlight  Clays  of  the  district  east  of 
Hastings,  though  in  the  Director's  opinion  these  had  been 
separated  from  the  Ashdown  Sands  on  insufficient  grounds. 

Passing  through  the  brickyard,  the  party  proceeded  to  ascend 
the  hill  towards  the  golf  links  on  Crowborough  Common. 
Another  brickfield  about  100  ft.  higher  than  the  large  one 
near  the  station,  indicating  another  clay  bed,  was  briefly  in- 
spected, and  150  ft.  higher,  at  about  650  ft  O.D.,  the  members 
came  out  on  the  common,  and  the  fine  view  to  the  south  was 
p>ointed  out.  From  here  the  South  Downs  are  well  seen  ending 
near  Eastbourne,  and  broken  by  the  well-marked  gap  of  the 
Cuckmere  valley  and  the  less  obvious  one  of  the  Ouse.  To  the 
east  the  high  ground  about  Heathfield  could  be  seen  marking 
another  anticlinal  axis  of  these  lower  Wealden  Beds.  The 
party  then  examined  the  stone  quarry  close  by,  on  the  east  side 
of  the  golf  links.  Here  the  sandstone  is  worked  in  very 
large  blocks  which  makes  a  good  building  stone,  and  some 
curious  small  squares,  like  setts,  of  clay  ironstone  were  noticed. 
There  are  flaggy  partings  between  the  courses  of  sandstone  and 
one  thicker  bed  of  clay.  There  is  an  abundance  oi  more  or  less 
obscure  vegetable  remains  in  the  sandstones.  A  slight  dip  is  seen, 
its  direction  being  away  from  the  hill,  that  is  to  say  rather  east 
of  south.  There  are  similar  workings  on  the  other  or  west  side 
of  the  golf  links,  and  at  the  outlying  part  of  Crowborough,  called 
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White  Hill,  a  little  north  of  the  road  up  which  the  party  had 
come,  and  there  are  other  building-stone  quarries  in  the  neigh- 
bourhood. 

Skirting  the  golf-links  the  party  came  out  on  the  main 
road  to  Uckfield  near  the  club  house,  and  the  Director  pointed 
out  the  view  over  Ashdown  Forest,  a  desolate-looking  tract  of 
heath-land  with  occasional  clumps  of  fir  trees,  stretching  away  to 
the  west,  and  forming  practically  a  continuous  ridge  with 
Crowborough  Beacon.  This  ridge  forms  the  watershed  of  the 
Medway  and  the  Ouse.  The  streams  that  feed  the  former 
river  are  deeply  cut  back  into  this  ridge,  and  one  of  the  best 
examples  is  that  which  flows  through  Crowborough  Warren. 
It  rises  about  a  mile  south  of  the  place  where  the  party  were 
standing,  and  almost  immediately  cuts  out  for  itself  a 
narrow  valley  about  400  ft.  deep,  round  which  the  ridge  of 
Crowborough  Beacon  and  Ashdown  Forest  seems  to  form  a  sort 
of  semicircle.  The  Director  conducted  the  party  through  the 
Warren  down  the  sides  of  the  valley  to  the  old  Mill,  where  there 
is  a  small  lake.  The  members  then  walked  down  the  valley, 
passing  a  little  chain  of  lakes  to  the  new  Mill.  The  scenery  is 
very  wild  and  beautiful,  having  all  the  appearance  of  that  of  a 
valley  in  a  mountainous  region.  A  discussion  took  place  as  to 
how  such  a  valley  could  be  formed.  The  Director  had  no  doubt 
that  it  was  the  effect  of  sub-aerial  denudation,  and  he  thought  it 
was  rapidly  formed,  and  in,  geologically  speaking,  comparatively 
recent  times.  The  puzzle,  however,  is  to  account  for  the  power 
that  would  excavate  such  a  deep  valley  in  such  a  short  distance 
from  its  source.  It  cannot  be  accounted  for,  as  in  some  similar 
cases,  by  there  having  been  originally  higher  ground  farther  back, 
because  during  the  period  of  formation  this  could  not  very  well 
have  been  the  case,  but  the  Director  pointed  out  that  the  character 
of  the  strata  would  lend  itself  very  easily  to  rapid  denudation,  both 
the  sand  and  clay  of  the  Ashdown  Sands  being  easily  washed 
away  by  the  action  of  water,  and  the  alternations  of  these  beds 
would  be  favourable  to  the  formation  of  springs  at  various  levels. 
A  small  section  of  sandstone  was  seen  at  the  new  Mill,  and  then 
the  party  reascended  the  hill  towards  St.  John's  Church,  where 
there  is  another  sandstone  quarry.  This  showed  a  section 
similar  to  that  on  the  other  side  of  the  hill,  with  the  usual 
alternations  of  sand,  clay  and  rubbly  matter.  The  dip  is  slightly 
to  the  north,  />.,  in  the  opposite  direction  to  that  of  the  beds  on  the 
golf  links.  A  rather  curious  disarrangement  of  the  beds  was  seen 
on  the  west  side  of  the  quarry,  which  has  somewhat  the  appear- 
ance of  either  a  sharp  fold  or  a  thrust  fault,  the  upper  beds 
dipping  to  the  north  and  those  below  to  the  south ;  the  upper  ones 
at  first  sight  being  apparently  bent  over  so  as  to  be  continuous 
with  those  below.  This  apparent  disturbance  is,  however, 
probably  the  result  of  false  bedding,  as  if  it  had  been  either  a 
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fold  or  a  fault  it  would  have  been  noticeable  before,  and  it 
certainly  was  not,  when  the  Director  was  at  Crowborough  two 
years  previously.  From  this  spot  a  good  view  was  obtained  of 
the  Lower  Greensand  range  to  the  north,  and  the  chief  features 
were  pointed  out.  The  party  then  found  their  way  through 
Crowborough  Cross  to  the  Red  Cross  Hotel,  where  tea  was 
provided,  there  being  no  time  to  walk  to  the  summit  of  the 
Beacon,  803  ft.  After  tea,  and  the  usual  vote  of  thanks  to  the 
Director,  the  members  proceeded  down  the  hill  to  the  station 
and  returned  to  London  by  the  8.25  train. 
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EXCURSION     TO    ALDBURY    AND     IVINGHOE. 

June  15TH,  1907. 

Director:  H.  Kidner,  F.G.S. 

Excursion  Secretary :  T.  W.  Reader. 

(^Report  by  ThE  DIRECTOR.) 

Rain  fell  in  torrents  during  the  morning,  and  only  nine  members, 
including  the  President,  gathered  at  Euston  for  the  12.20  train 
to  Tring.  One  member  joined  later,  bringing  the  number  up  to 
ten.  On  the  journey  down  the  weather  gradually  improved,  and 
on  arrival  at  Tring  station  the  sun  was  shining.  A  waggonette 
in  waiting  conveyed  the  party  to  Aldbury,  where  the  old  stocks, 
with  its  attached  whipping-post,  was  seen  standing  in  the  centre 
of  the  village  near  the  pond.  The  road  to  the  right  was  ascended 
past  a  disused  pit  in  the  Terebratulina-zont  of  the  Chalk.  The 
face  of  the  pit  is  covered  with  .scree,  and  only  a  few  fragments  of 
fossils  have  been  found.  Mr.  Ashby's  brickfield  (about  620  ft. 
O.D.)  near  Aldbury  Common,  was  next  visited.  Here  was  seen 
a  def)Osit  of  loamy  Brick-earth,  very  sandy  in  places,  evenly 
stratified,  worked  to  a  depth  of  20  ft.,  but  traced  to  a  further 
20  ft  below.  Here  and  there  in  the  brick-earth  are  found  small 
flint  pebbles  and  pieces  of  angular  flint,  singly  or  in  pockets. 
The  deposit  consists  of  re-deposited  Tertiary  material,  and  rests 
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on  chalk  of  the  Holaster  planus-zont.  Its  formation  occurred 
probably  before  the  erosion  of  the  existing  river  valleys  in  the 
chalk,  and  when  the  escarpment  was  farther  northwards  than  at 
present.  The  erosion  and  removal  of  the  Tertiary  deposits  of 
the  area  were  succeeded  by  a  period  of  deposition.  An  accumu- 
lation of  deposits  southward  in  Glacial  times,  aided  possibly  by 
earth-movement,  and  the  configuration  of  the  chalk  surface  may 
have  held  back  streams  flowing  down  the  dip-slope,  and  thus 
have  caused  the  formation  of  a  lake  in  which  the  clays  and  sands 
of  Tertiary  beds  to  the  north  brought  down  by  these  streams 
were  deposited.  Floating  roots  of  trees  may  have  carried  and 
dropped  the  pebbles  and  flints.  Along  the  top  of  the  pit  was 
observed  a  thick,  irregular  deposit  of  clay  full  of  angukr  pieces 
of  flint  with  some  flint  pebbles  and  a  very  few  small  ones  of 
quartz.  A  hole  recently  dug  in  one  corner  had  resulted  in  the 
discovery  of  a  mass  of  clay  12  to  14  ft.  thick,  brilliantly  coloured 
in  various  shades  of  purple,  red  and  green.  Near  the  top  an  oval 
shaped  mass  of  fine,  pale  sand  was  suggestive  of  its  having  been 
thrust  into  the  clay  while  in  a  frozen  condition.  Large 
flints  were  found  in  the  lower  part  of  the  clay,  and  extending 
through  the  mass  in  two  places  were  irregularly  contorted  layers 
of  flint  pebbles.  Mr.  Herries  was  of  opinion  that  these  layers 
had  the  appearance  of  Tertiar}'  pebble  beds,  their  contortion 
being  due  to  the  clay  and  its  contained  pebbles  having  been 
considerably  squeezed  by  lateral  pressure.  The  clay  appeared  to 
consist  of  one  thick  mass  doubled  up,  or  of  two  masses  pressed 
against  each  other,  the  beds  of  one  part  seeming  to  be 
horizontal  and  of  the  other  approximately  vertical.  Much  sand 
was  found  amongst  the  clay,  the  whole  mass  being  undoubtedly 
of  Reading  age,  its  position  and  features  being  in  all  probability 
attributable  to  glacial  conditions.  The  drive  was  continued 
through  Ringshall,  past  the  Tertiary  Outlier  mapped  by  the 
Survey.  The  holes  dug  for  sand  were  examined,  but  these  are 
much  overgrown,  and  it  was  impossible  to  verify  by  superficial 
observation  whether  this  is  actually  an  outlier  or  only  re-deposited 
Tertiary  material.  After  passing  Ivinghoe  Common  it  was 
pointed  out  that  the  road  was  over  800  feet  O.D.,  this  being  one 
of  the  highest  parts  of  the  Chilterns.  Near  Ivinghoe  Beacon 
the  conveyance  was  discharged,  the  remainder  of  the  way  being 
traversed  on  foot.  On  the  summit  of  the  Beacon  (762  ft.  O.D.) 
a  high  wind  and  driving  rain  spoiled  the  view,  and  necessitated 
a  hasty  retreat.  Nevertheless,  the  views  of  Dunstable  Downs, 
of  the  chalk  escarpment  towards  Wendover,  and  of  the  expansive 
vale  of  Aylesbury  were  admired.  It  was  explained  that  the 
summit  of  the  hill  is  above  the  chalk  rock,  and  in  the  Holaster 
planus  zone.  Ivinghoe  Beacon  was  visited  by  a  cycling  party 
under  Mr.  J.  Hopkinson  on  23rd  May,  1903.  In  a  report  of 
that  excursion    (Proceedings   Geologist^  Association^   Vol.   xviii, 
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p.  171),  Mr.  Hopkinson  says,  "They  were  standing  on  or 
just  above  the  Melbourn  Rock,  which  forms  the  base  of  the 
Middle  Chalk."  The  error  was  obviously  a  slip,  as  Mr. 
Hopkinson  knows  the  district  well,  and  when  reporting  on  an 
excursion  several  years  earlier  he  remarked,  more  correctly, 
"  Chalk  Rock  caps  the  hill  as  an  outlier."  If  it  be  correct  that 
*•  Chalk  Rock  caps  the  hill,"  as  appears  to  be  the  case,  then  the 
Melbourn  Rock  in  the  adjacent  area  is  at  least  250  ft.  below  the 
Chalk  Rock.  This  would  make  the  Middle  Chalk  250  ft  thick. 
But  the  thickness  of  the  Middle  Chalk  in  the  district  being  only 
about  220  ft.,  there  is  a  difference  of  some  30  ft.,  which  can  only 
be  explained  by  the  existence  of  a  fault,  as  suggested  by  Mr. 
A.  J.  Jukes-Browne  in  the  Memoir  of  the  Geological  Survey. 
Beacon  Hill,  being  almost  entirely  grass-clad,  makes  the  point 
difficult  of  determination  ;  but  that  there  is  such  a  fault  is  highly 
probable.  While  descending  the  hill  the  rain  ceased^  the 
remainder  of  the  day  being  fine,  as  during  the  drive. 

Near  Ivinghoe  a  pit  in  the  Lower  Chalk,  Holasier  sub-globosus- 
zone,  was  visited.  The  "rag"  bed  referred  to  in  the  Survey 
Memoir  was  examined  and  seen  to  be  full  of  green-coated,  brown 
phosphatic  nodules.  A  suggestion  that  these  nodules  might  have 
been  derived  from  the  Cambridge  Greensand  is  negatived  by 
their  being  much  less  phosphatic  than  the  nodules  in  that  deposit, 
and  by  the  material  of  which  they  mainly  consist  closely  resembling 
the  chalk  in  which  the  "  rag  "  occurs.  The  cavities  in  the  nodules 
in-filled  with  white  chalk  have  been  attributed  to  boring- 
molluscs  ;  but  their  origin  is  obscure,  some  being  apparently  worm- 
burrows,  while  Mr.  Osborne  White  stated  to  the  writer  that  he 
has  reason  for  believing  that  some  of  these  cavities  are  due  to 
sponges.  The  "  rag  "  is  full  of  fish  remains.  A  tooth  was  found, 
and  many  scales  and  pieces  of  bone  were  seen.  Terebratula 
semiglobosa  was  also  found.  A  local  fault  in  this  pit  is  well  shown 
by  the  "  rag  "  bed  being  thrown  down  to  the  right,  and  a  slanting 
streak  of  crushed  chalk  in  the  face  of  the  pit  shows  clearly  the 
line  of  fault. 

A  pit  near  Pitstone  (on  the  left  when  returning  towards 
Tring)  was  interesting  on  account  of  the  junction  of  the  Lower 
and  Middle  Chalk  being  so  well  shown.  The  two  Belemnitella 
marly  bands  separated  by  hard  white  chalk  (about  3  ft.  in  all) 
were  examined.  These  beds  form  the  top  of  the  Lower  Chalk. 
The  characteristic  iossW  Actinocamax  plenus  and  Oslreavesicularis 
were  found  by  members  of  the  party  in  these  beds,  and  a  specimen 
of  Rhynchonella  in  the  chalk  below. 

The  hard,  massive,  nodular  Melbourn  Rock,  9  or  10  ft.  in 
thickness,  forming  the  base  of  the  Middle  Chalk,  was  seen  con- 
spicuously above  the  marly  bands.  In  and  above  the  Melbourn 
Rock  several  specimens  of  Rhynchonella  cuvieri^  the  zonal  index 
fossil,  were  found.      In  the  same  part  of  the  pit  have  also  been 
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found  Inoceramus  mytiloides^  a  large  example  of  RhyncJionella 
cuvieri^  Spondyius,  and  Serpula,  The  dip  of  the  beds  three  or 
four  degrees  to  the  S.E.,  as  shown  by  the  Actinocaraax  (Belemni- 
tella)  Marls  was  noticed,  and  also  the  fact  that  the  lower  band 
of  grey  marl  ends  off,  and  apparently  becomes  merged  in  the 
upper  buff-coloured  band  in  the  middle  of  the  pit,  this  upper 
band  of  buff  marl  alone  being  seen  dipping  to  the  right  in  the 
lower  part  of  the  pit. 

The  party  next  proceeded  to  a  pit  in  the  RhyncJionella  cuvieri- 
zone  near  "Folly  Farm."  This  pit  is  full  of  Jnoceramus 
mytiloides^  mostly  in  fragments,  but  some  fairly  good,  and  the 
zonal  index  fossil  is  common.  Much  loose  material  and  short- 
ness of  time  precluded  careful  working,  but  examples  of  the  index 
fossil  were  found.  The  writer  has  also  found  Conuius  {Echino- 
conus)  sub-rotundus^  Discoidea  dixoni,  Inoceramus  iaius  (d'Orb.), 
Terebrahila  biplicaia^  Camerospongia  sub-rotunda  (Mant.)  and 
Ventriculites, 

Thanks  are  tendered  to  Mr.  E.  T.  Newton,  F.R.S.,  for 
identifying  some  of  the  fossils.  Tea  was  served  at  the  Royal 
Hotel,  near  Tring  Station.  A  vote  of  thanks  to  the  Director 
proposed  by  the  President  was  passed.  Thus  ended  a  pleasant 
excursion  which  seemed  almost  impossible  at  the  start  in  the 
morning,  and  the  party  returned  by  the  7.18  train  to  London. 
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EXCURSION     TO    HASTINGS. 

Saturday,  June  22ND,  1907. 

Director:  W.  J.  Lewis  Abbott,  F.G.S.,  F.R.A.I. 

Excursion  Secretary :  A.  C.  Young. 

(^Refort  by  The  Director.) 

The  members  from  London  who  had  started  from  Cannon 
Street  Station  by  the  9.16  train  were  met  at  St.  Leonard's  Station 
by  those  who  had  come  from  various  parts  of  the  country,  and  by 
the  Director,  and  proceeded  at  once  to  8,  Grand  Parade,  where 
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refreshments  were  provided  by  Mrs.  Lewis  Abbott.  Here  also 
the  Director  had  arranged  very  large  collections,  more  than 
sufficient  for  a  day's  study  had  the  weather  turned  out  unsuitable 
for  outdoor  observation.  The  first  contained  specimens  of  the 
various  rocks  of  the  Wealden  Series,  from  the  milk-white  sand- 
rock  composed  of  transparent  quartz  grains,  at  the  base  of  the 
Ashdown,  through  all  the  varieties  and  bandings  of  yellows, 
browns,  and  brilliant  carmines.  These  sandstones  in  themselves 
offer  an  object  of  interesting  study,  showing  every  description  of 
false-bedding,  faulting,  and  zonal  banding,  and  change  of  colours 
from  dark  browns  to  brilliant  carmines,  and  even  blood  reds. 
The  clays  are  quite  as  variable,  from  the  white  pipe- clays  of  the 
Ashdown  Series,  to  the  brilliant,  mottled  l*'airlight  Clays,  where 
blues  and  yellows,  greys  and  purples,  vie  with  each  other,  speci- 
mens of  the  bright  mottled-reds,  purples  and  yellows  from  the 
Weald  Clay  found  around  Pevensey  and  from  Tunbridge  being 
included.  The  various  conditions  under  which  the  Entomostraca 
are  preserved  were  also  shown,  from  the  ordinary  p>aper  shales, 
through  the  iron-stone  of  the  Wadhurst  Clay,  where  the  tiny  shells 
are  milk-white,  and  show  up  upon  the  dark  iron.  The  tubercu- 
laied  ones  are  also  well  shown  in  the  ferruginous  sandstones  and 
in  a  phosphatized  band  where  the  shells  are  shiny  black.  The 
various  groups  of  Mollusca  were  also  f)ointed  out,  and  a  method 
explained  of  developing  the  shells  out  of  the  hard  limestones  by 
hydrochloric  acid.  Teeth  and  bones  of  many  of  the  vertebrates 
were  also  on  view,  some  indicating  dinosaurs  of  great  size.  Mr. 
Bailey,  of  Battle,  exhibited  a  recently-discovered  jaw  of  Pholi- 
dosaurus^  practically  new  to  this  country,  from  the  Purbeck  of 
Darvell  Beach  Quarry,  visited  last  year  by  the  Association.* 
Examples  of  the  mode  of  preservation  of  the  vegetation,  from 
the  silicified  Endogenites  through  the  massive  lignites  to 
the  delicate  fern  impressions,  also  called  for  attention.  The 
curious  rock  structures  known  as  cat's  brains,  and  pseudo- 
breccias  proved  of  great  interest,  and  examples  were  also  on  view 
of  the  so-called  Wealden  flint,  and  a  series  to  illustrate  how  the 
silica  segregated  out ;  in  the  early  stages  giving  rise  to  the  so-called 
"  Hastings  granite  "  ending  in  a  cherty  flint. 

Another  large  collection  had  been  arranged  to  illustrate  all 
the  known  processes  of  flint-working  as  evinced  from  the  features 
they  presented  and  the  conditions  under  which  flint  fractured,  from 
the  simple  cone  of  percussion  to  the  delicate  herring-bone  flaking ; 
all  the  various  kinds  of  "  hammers "  and  "  flakers,"  and  a 
nomenclature  of  the  subject  was  submitted.  All  the  various 
processes  of  nature,  the  various  kinds  of  thermal  fissure, 
**perletic  fissure,"  "globular  fissure,"  "asphaltic  fissure," 
"  starchy  fissure,"  and  "  prismatic  fissure,"  and  examples  of  the 
marvellous   possibilities  of  nature  of  simulating  man's  works. 

•  See  Proc,  Geoi.  Aisoc.^  vol.  xix,  p.  450* 
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Also  a  large  series  of  "  implements  "  of  the  various  kinds  of 
workings,  and  in  various  degrees  of  alteration,  patination,  etc., 
which  had  been  manufactured  by  the  Director.  The  other  series 
illustrated  the  various  implements  from  the  newly  discovered 
site,  and  the  remarkable  erratics  found  associated  with  them. 
These  latter  included  volcanic  and  metamorphic  rocks  and 
numerous  varieties  of  purple,  red,  brown  and  grey  quartzites, 
Lydites,  veined  and  mottled  quartz,  chalcedony,  ferruginous 
ironstone  and  cherts.  Some  of  the  latter  are  spiculiferous  and 
probably  radiolarian.  Dr.  Salter  is  of  the  opinion  that  most 
of  these  were  similar  to  those  found  in  the  Bunter  of  Budleigh 
Salterton.  Quartzites  and  quartzes  similar  to  some  of  them 
were  shown  that  had  been  taken  in  sM  from  Wealden  beds,  and 
the  questions  which  await  answers  are:  (a)  have  these  large 
pebbles  been  derived  from  the  Wealden  beds?  {b)  have  they 
come  from  the  west,  and  if  so,  how  ?  (c)  were  they  brought  from 
the  east,  and  if  so,  when  ?  (d)  or  were  they  taken  there  by  man  ? 
Some  of  the  stones  are  faceted  and  very  much  striated.  Some 
of  the  cherts  are  of  oolitic  origin,  and  some  of  the  quartzites  and 
the  ironstone  look  like  products  of  the  Lower  Greensand, 
but  until  the  rocks  have  been  made  an  object  of  special  study 
one  cannot  say. 

The  Director  called  attention  to  the  section  (Fig.  19), 
which  although  not  quite  correct  would  serve  the  purpose 
of  enabling  the  members  to  grasp  the  main  features  of  the 
solid  geology  of  the  district.  It  would  be  evident  that 
Hastings  and  St.  Leonards  stood  upon  a  truncated  dip 
slope,  the  truncation  being  formed  by  the  cliffs,  which  were 
cut  through  seven  times  by  streams  representing  a  complete 
sequence  from  a  small  chine  or  glen,  such  as  at  St.  Leonard's 
Gardens,  to  a  main  county  artery  such  as  the  river  that  flowed 
through  the  park.  Nowhere  in  a  similar  space  could  so  many 
phases  of  river  capture  be  studied.  The  amount  of  undulation 
of  surface  was  very  great,  some  of  it  was  due  to  folds  and 
anticlines,  but  it  was  largely  due  to  denudation,  and  the  way 
some  of  these  deep  valleys  had  cut  back  until  there  was  only  a 
knife  edge  between  the  next  valley  with  hardly  any  ground  at  the 
back,  proved  a  puzzle  to  every  geologist.  Stretching  from 
Fairlight,  near  the  coast,  vi&^  Brightling,  there  was  a  high  ridge 
known  by  those  names,  rising  to  570  ft.,  from  which  most  of  the 
streams  flowed.  One,  however,  antedated  the  present  surface 
features  and  cut  down  the  ridge  some  200  feet  in  crossing  it ;  it 
now  forms  the  beautiful  valley  in  which  the  Alexandra  Park  is 
situated.  The  Director  was  inclined  to  hold  that  this  valley 
antedated  the  anticline  as  we  now  know  it,  and  that  the  Brede 
Valley  had  been  brought  about  by  earth  movements  associated 
with  a  "  drift "  with  the  palaeolithic  implements  then  before  them. 
There  could  be  no  doubt  that  the  Fairlight-Brightling  ridge  with 
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its  extension  from  the  west,  once  extended  obliquely  over  the 
Channel  into  France,  and  formed  the  watershed  of  the  west  and 
north  rivers. 

Near  Fairlight  a  river  passed  over  what  is  now  the  ridge  in  a 
southward  direction.  This  old  valley  occurs  now  as  a  deep  in- 
dentation in  the  cliff  falling  to  about  250  ft.  O.D.,  and,  allowing 
25  ft  fall  per  mile  would  have  reached  the  level  of  the  south  river 
some  ten  or  twelve  miles  south  of  the  present  coast  line.  A 
number  of  downthrows  now  occurred,  the  magnitude  of  which  has 
apparently  escaped  attention.  They  threw  down  the  high  lands  in 
the  east,  possibly  sufficiently  to  be  largely  instrumental  in  the 
destruction  of  the  old  watershed  and  thus  initiate  the  separation 
of  England  and  France.  From  this  newly-created  lowland  on 
the  east  a  strike  stream  originated  bisecting  this  old  dip  stream  not 
far  from  the  present  coast,  and  this  with  the  cutting  back  of  the 
coast  has  left  this  relic  of  the  old  river  valley,  which  to-day 
contains  a  sprinkling  of  a  drift  composed  of  highly  coloured 
flints  and  almost  as  many  quartzites,  etc.,  as  already  described. 
A  very  large  proportion  of  the  flints  were  worked  into  various 
kinds  of  implements  before  the  flint  was  altered  to  a  warm  orange 
brown.  Upon  the  other  side  of  the  Brede  Valley  upon  the  next 
ridge  to  the  north  of  Fairlight  these  dark  brown  implements  also 
occur,  as  do  the  quartzites,  which  would  point  to  this  old  river 
having  crossed  the  present  Brede  also,  and  that  the  lower  reaches 
of  the  Brede  were  also  initiated  by  this  and  some  other  down- 
throws which  had  taken  place  here  since  the  time  the  old  Park 
river  crossed  the  ridge.  Many  of  the  implements  are  of  River- 
drift  tjrpes ;  many  are  very  bold  work.  The  majority,  however, 
are  of  French  cave  types.  That  these  implements  were  not  of 
Neolithic  age  and  had  acquired  their  stains  where  they  were  found 
was  evident  from  the  fact  that  many  show  signs  of  hard  wear,  and 
that  there  was  upon  the  same  spot  in  Neolithic  times  a  settlement 
where  implements  of  every  known  southern  Neolithic  type  were 
found,  barbed  arrow-heads,  adzes,  axes,  scrapers,  knives,  hammer- 
stones,  pot-boilers,  missiles,  cores,  etc.  These  are  not  iron- 
stained  in  the  least,  and  are  in  the  same  state  as  they  are  in  the  other 
Neolithic  stations  close  by.  There  was  further  another  set  which 
were  made  in  Neolithic  times  out  of  the  old  brown  Palaeolithic 
implements  and  flakes,  which  leaves  no  possible  doubt  of  the  age 
of  the  old  brown  implements,  even  if  their  types  did  not  help  us. 

The  party  then  drove  to  Fairlight,  stoppages  en  route 
being  made  to  study  the  various  points  raised  by  the  Director's 
address.  A  quarry  in  milk-white  sandstone  at  the  base  of 
the  Ashdown  Series  was  visited  near  Fairlight  Church,  and  a 
walk  was  then  taken  across  the  fields  to  the  cliffs,  passing  into  the 
old  valley,  where  the  sequence  of  events  were  again  pointed  out, 
and  a  half-hours  hunt  over  the  fields  rewarded  the  members  with 
a  goodly  number  of  implements,  flakes,  etc.,  of  all  the  various 
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ages  as  well  as  specimens  of  quartzites  and  other  erratics.  The 
cliffs  were  next  descended  to  the  foreshore,  where  the  magnificent 
display  of  the  Fairlight  Clays  was  much  admired.  After  some 
amount  of  examination  a  discussion  was  initiated  by  the 
President  upon  the  correlation  of  the  coast  beds  with  those  inland, 
all  agreeing  that  they  were  more  nearly  identical  than  is  usually 
realised.  Large  cliff  falls  had  recently  cleared  the  cliff  face  so  that 
the  remarkable  cross-bedding  and  overlapping  was  very  pro- 
nounced. The  members  had  the  opportunity  of  witnessing  a 
heavy  and  considerable  fall  of  the  cliff  face. 

The  attractions  of  the  structure  of  the  rocks  of  the  section 
impeded  a  very  rapid  progress,  and  in  order  to  get  back  in  time 
for  the  train  the  party  had  to  ascend  from  the  shore  at  Fairlight 
glen,  the  climbing  up  of  which  made  them  realise  the  amount  of 
excavation  that  had  been  performed.  A  walk  back  via  Barley 
Lane  enabled  the  members  to  get  a  further  grasp  of  the  features. 
Tea  was  partaken  of  at  the  Queen's  Road  Restaurant  The 
President,  proposing  a  vote  of  thanks  to  the  Director  in  eulogistic 
terms,  stated  that  he  had  again  laid  out  a  bigger  programme  than 
they  were  able  to  get  through,  so  that  there  was  yet  more  for  them 
to  come  and  see.  A  vote  of  thanks  had  already  been  proposed 
to  Mrs.  Lewis  Abbott.  The  Director  in  reply  thanked  them 
for  the  vote  of  thanks,  and  also  for  the  kind  attention  which 
they  had  given  him  all  day.  The  members  returned  to  London 
by  the  7. 1 5  train. 
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EXCURSION    TO    GUILDFORD. 

Saturday,  June  29TH,  1907. 

Director :  George  W.  Young,  F.G.S. 
Excursion  Secretary  :   Miss  E.  Pearse. 

(^Report  hy  THE  DIRECTOR.) 

Leaving  Waterloo  at  1.20  p.m.,  the  party,  twenty-five  in  number, 
on  arrival  at  Guildford  at  once  proceeded  southward  to  St. 
Catherine's  Hill,  from  which  the  physical  geology  of  the  district 
is  well  displayed.  The  "  Hill "  is  an  eastward-facing  river-bluff 
formed  by  the  cutting  through  by  the  river  Wey  of  a  well  marked 
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ridge  of  Folkestone  Sands  which  runs  parallel  with  the  Hog's 
Back,  and  is  continued  on  the  other  side  of  the  river  forming  the 
Chantries  and  St.  Martha's  Hill.  The  two  large  chalk  pits 
conspicuously  seen  on  the  opposite  side  of  the  river  are 
Williamson's  Quarry  (left)  and  Rifle  Range  pit  (right).  The 
former  was  visited  later  in  the  day. 

The  Director  pointed  out  that  considerable  earth  movement 
liad  occurred  here.  A  short  distance  to  the  south  the  Peasemarsh 
anticline  had  brought  up  the  Weald  Clay  in  the  form  of  an  inlier, 
and  consequently  the  outcrops  of  the  beds  between  the  Weald 
Clay  and  the  Tertiaries  were  narrow  and  the  dip  high.  The 
dip,  however,  is  not  uniform,  that  of  the  Folkestone  Sands, 
Selbornian,  and  Lower  Chalk  being  much  greater  than  that  of 
the  Middle  and  Upper  Chalk.  It  was  evident  that  either  there 
was  a  sudden  bending  of  the  strata,  or  else  an  east  and  west 
strike-fault  ran  along  the  foot  of  the  downs  within  the  mass  of  the 
chalk.  He  favoured  the  latter  suggestion  for  several  reasons,  one 
of  which  was  the  fact,  which  he  would  show  presently,  that  the 
valley  between  the  Chalk  Downs  and  the  Lower  Greensand  was 
not  cut  in  the  Gault  as  one  would  naturally  expect,  but  was  well 
within  the  Chalk  itself.  The  theory  that  the  Wey  may  possibly 
run  in  a  syncline  culminating  in  a  dip  fault  was  also  alluded  to. 

The  party  then  descended  the  face  of  the  bluff,  which  affords 
a  section  of  the  Folkestone  Sands.  They  are  false  bedded  and 
ferruginous,  and  show  many  of  the  ramifying  veins  of  iron  so 
often  found  in  these  sands.  A  copious  spring  breaks  out  at  the 
base  of  the  north-east  comer  of  the  hill,  and  is  said  never  to  fail 
even  in  the  driest  summers. 

The  site  of  the  "Pilgrims'  Way"  is  believed  to  have  run 
along  the  northern  flank  of  the  Lower  Greensand,  and  that  the 
Pilgrims  crossed  the  river  here  by  a  ferry  which  still  exists,  and  of 
which  the  members  availed  themselves. 

Proceeding  eastward  along  the  "  Pilgrims'  Way,"  and  skirting 
the  north  side  of  the  Chantries,  a  pit  in  the  Folkestone  Sands 
was  soon  reached,  and  just  beyond  it  the  path  to  Warren  Farm 
pit  turns  off  to  the  north.  The  outcrop  of  the  Gault  is  only  a  few 
yards  wide,  and  then  a  very  small  overgrown  pit  shows  Upper 
Greensand.  Warren  Farm  pit  is  a  long,  narrow  and  rather  deep 
quarry  running  along  the  strike.  It  is  in  Lower  Chalk,  and  the 
beds  dip  at  a  high  angle.  The  north  face  is  cut  in  the  zone  of 
Holasier  sub-globosuSy  which  passes  down  into  Chalk  Marl  (zone  of 
Ammonites  varians).  Some  of  the  typical  fossils  of  the  latter  zone 
were  soon  found  on  the  southern  face  and  on  the  talus  below  it. 

Looking  northward  from  Warren  Farm  pit  across  the  valley 
towards  Echo  pit,  the  striking  fact  before  referred  to  that  the 
floor  of  this  valley  is  not  cut  in  the  Gault  becomes  obvious,  and  as 
the  party  made  their  way  across  it  the  entire  absence  of  water  was 
remarked  as  confirmative  of  its  being  cut  in  chalk. 
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Echo  pit  is  in  the  lower  part  of  the  face  of  the  escarpment 
It  has  not  been  worked  for  many  years,  and  has  been  largely 
planted  with  ornamental  trees,  through  which  the  pathway  winds 
leading  to  an  open  lawn-like  expanse  at  the  foot  of  the  main 
face.  It  is  altogether  a  beautiful  and  secluded  spot,  permission 
to  visit  which  had  been  kindly  granted  by  Col.  H.  H. 
Godwin-Austen,  who  wrote  regretting  his  inability  to  attend 
through  ill-health.  The  reason  of  its  name  very  soon  became 
evident,  for  the  Directors  remarks  were  accentuated  by  the 
remarkable  echo  in  a  most  amusing  manner.  The  base  shows  a 
few  feet  of  flintless  chalk  of  the  Terebraiulhia  gracilis-zon^ 
succeeded  by  hard  chalk  containing  many  bands  of  nodular 
flints  belonging  to  the  zone  of  Holaster  planus.  The  flint  bands 
are  at  more  regular  intervals  than  usually  happens  in  this  zone, 
and  at  first  sight  might  lead  one  to  class  it  as  the  zone  of 
Micraster  cor-anguinum,  but  the  fossils  quickly  dispel  any  such 
idea.  A  few  minutes'  search  yielded  Holaster  planus^  Neithea 
quinquecostatus^  Spondylus  spinosuSy  and  the  very  large  form  of 
Terebraiula  semiglobosa.  No  true  chalk-rock  was  observed,  nor 
is  it  recorded  here  by  the  Survey.  The  upper  part  of  the  pit  is 
inaccessible,  but  there  the  rows  of  flints  are  apparently  less 
numerous.  Attention  was  called  to  the  gentle  dip  of  the  beds  in 
this  pit  as  compared  with  that  in  Warren  Farm  pit. 

Chimney  pit  was  next  visited.  It  is  but  a  short  distance  to  the 
east  of  Echo  pit,  but  is  at  a  higher  level.  The  base  apparently 
corresponds  to  the  upper  part  of  the  Echo  pit,  and  probably 
belongs  to  the  Holaster  planus  zone,  but  it  is  mostly  obscured  by 
talus.  The  greater  part  of  the  face  is  cut  in  the  zone  of  Micraster 
cor-testudinarium.  Fossils  are  fairly  numerous,  but  owing  to  the 
hardness  of  the  chalk  are  difficult  to  extract  and  clean  without 
breakage.  Near  the  middle  of  the  section  is  a  bed  containing 
many  Polyzoa.  Flints  are  decidedly  less  numerous  than  in  the 
Echo  pit,  and  there  are  several  rather  thick  beds  of  yellowish 
nodular  chalk,  whilst  near  the  top  is  a  pronounced  orange- 
coloured  nodular  band,  reminding  one  of  the  similar  band  in  the 
same  zone  at  Chapel  Rock,  near  Lyme  Regis.  The  orange 
band  is  evidently  near  the  top  of  the  zone,  as  the  Micrasters 
found  above  it  are  indicative  of  the  lower  part  of  the  zone  of 
M,  cor-anguinum. 

So  far  as  the  writer  is  aware  this  is  the  only  locality  along  the 
North  Downs  where  the  crest  of  the  escarpment  is  formed  by 
chalk  of  so  high  a  zone,  and  yet  its  height  here  is  only  375  ft.  O.D. 

The  party  then  returned  to  Guildtord  for  tea,  after  which  it 
was  decided  to  change  the  order  of  programme  on  account  of  the 
bad  light  and  the  threatening  appearance  of  the  weather,  so  a 
move  was  made  to  the  old  chalk  pit  in  York  Road,  where  the 
Marsupites  zone  is  well  exposed.  The  chalk  is  very  soft,  as  is 
usual  in  this  zone,  but  special  attention  was  drawn  to  the  large 
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number  of  scattered  nodular  flints  present,  because  generally  this 
zone  contains  very  few  flints.  They  are  mostly  black  and  solid 
inside.  Marsupites  plates  are  abundant,  and  numerous  specimens 
were  quickly  found,  specimens  of  Echinocorys  scutaius  were  also 
found,  they  being  ot  the  tall  sub-pyramidal  variety  characteristic 
of  this  zone.  Micraster  was  not  common,  and  Echinoconus 
decidedly  rare.  Mr.  Wright  found  one  specimen  of  Actinocamax 
granulatus.  For  permission  to  visit  this  and  the  next  pit  the 
members  were  indebted  to  the  courtesy  of  Mr.  David  Williamson. 

Proceeding  by  way  of  High  Street,  and  passing  through  the 
grounds  of  Guildford  Castle,  the  members  finally  visited  the 
old  quarry  in  Quarry  Street.  This  is  a  huge  excavation,  now 
disused,  and  partly  clothed  with  ivy,  which,  aided  by  the 
strikingly  regular  lines  of  flints  dipping  gently  northwards  at  an 
angle  of  about  8",  gives  a  pleasing  picturesqueness  to  its  aspect. 
A  platform  at  the  northern  end  gives  a  splendid  view  of  the 
whole  gorge  of  the  Wey,  from  the  low  ground  of  the  London 
Clay  on  the  north  to  the  Weald  Clay  of  Peasemarsh  on  the  south, 
the  latter  being  backed  by  the  distant  heights  of  the  Lower 
Greensand  of  Hindhead  and  Blackdown.  The  section  is  very 
similar  to  that  at  Echo  pit,  except  that  it  is  nearly  at  right  angles 
to  the  scarp,  consequently  the  zone  of  Terebratulina  gracilis  is 
seen  at  the  southern  end  only,  the  remainder  being  in  that  of 
Holasfer  planus.  No  definite  evidence  of  the  presence  of  the 
zone  of  Micraster  cor-testudinarium  has  yet  been  obtained,  but 
the  northern  end  is  much  obscured  by  vegetation.  It  being  now 
nearly  dark,  fossil  collecting  was  out  of  the  question,  so  the 
party  made  their  way  to  the  railway  station,  and  returned  to 
town  by  the  8.20  train.  On  arrival  there  it  was  found  that  a 
terrific  thunderstorm  had  occurred,  and  much  flooding  of  the 
low-lying  districts  had  taken  place.  No  rain,  however,  had 
fallen  at  Guildford. 

The  beds  examined  in  the  day's  traverse  are  shown  in  the 
following  table : 

Zone  of  Marsupites  testudinarius. 
Upper  „       Micraster  coranguinum. 

Chalk  „       Micraster  cor-testudinarium, 

„       Holaster  planus. 

Middle  rZone  of  Terebratulina  gracilis. 

Chalk     \      „       Rhynchonella  cuvieri  (not  seen). 

Lower  f  Zone  of  Holaster  sub-globosus. 

Chalk     1       „       Ammonites  varians. 

Lower 
GreensandJ 
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EXCURSION    TO    ROCHESTER,    WOULDHAM,    AND 
BLUE  BELL  HILL. 

July  9TH,  1907. 

Director:  G.  E.  Dibley,  F.G.S. 

Excursion  Secretary:    H.    Kidner. 

{Report  by  THE   DIRECTOR.) 

Favoured  with  delightful  weather  the  party  arrived  at  Strood 
Station  at  10.31  and  were  met  by  the  Director,  who  pointed  out 
the  chief  features  of  the  large  pits  known  as  "The  Quarry" 
immediately  to  the  north,  consisting  of  the  base  of  the  Micraster 
cor-anguinum  beds,  and  capped  with  drift  towards  the  east.  Since 
the  Association  last  visited  these  pits  a  large  amount  of  the  spur 
has  been  cut  back  towards  Frindsbury  Church. 

Crossing  the  Medway,  attention  was  drawn  to  the  prominent 
features  in  the  landscape,  and  several  points  of  archaeological 
interest  were  pointed  out  Proceeding  by  the  High  Street  past 
"The  Bull  Hotel,"  of  Pickwickian  fame,  the  Cathedral,  and 
Watts'  "Poor  Traveller's  House,"  the  members  reached  the 
Rochester  Museum,  where  they  were  met  by  the  Curator,  Mr. 
George  Payne,  F.S.A.,  who  welcomed  the  Association.  The 
Director  led  the  way  to  the  Geological  Room  and  briefly 
explained  the  chief  features  of  interest.  This  was  greatly  facili- 
tated by  the  excellent  illustration  of  a  geological  section  of  the 
district  prepared  by  Mr.  C.  Bird,  B.A.,  F.G.S. 

After  having  inspected  the  Chalk  fossils  which,  unfortunately, 
had  not  been  localised,  an  omission  in  no  way  due  to  the 
present  Curator,  Mr.  Payne  gave  a  brief  history  of  the  fossils 
of  the  Pleistocene  deposits  of  the  district,  the  most  recent 
being  a  magnificent  tusk  of  Elephas  primigenius  exhumed, 
transferred,  and  mounted  by  the  Curator.  This  tusk  is  10  ft. 
6  ins.  in  length,  and  was  discovered  in  the  Drift  which  caps  the 
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Chalk  near  the  river  at  Messrs.  Peter's  works,  Wouldham.  Un- 
doubtedly it  is  one  of  the  finest  specimens  known.  A  visit 
was  then  paid  to  the  other  parts  of  the  building ;  the  Roman 
pottery  from  Upchurch,  the  Prentis  collection  of  Kentish  birds, 
and  the  Saxon  and  other  antiquities,  and  the  Dickens  collection 
are  all  of  great  interest 

In  the  unavoidable  absence  of  the  President,  Mr.  E.  T. 
Newton,  F.R.S.,  Vice-President,  moved  a  hearty  vote  of  thanks 
to  Mr.  Payne  for  his  courtesy,  and  felt  he  was  expressing  the 
thoughts  of  the  members  when  he  said  that  the  citizens  of 
Rochester  ought  to  be  really  proud  in  possessing  such  an  interest- 
ing building — a  Museum  in  itself — and  to  find  so  able  and 
enthusiastic  a  gentleman  as  its  Curator ;  he  could  testify  to  Mr. 
Payne's  skill  and  ability  from  the  manner  in  which  he  had  pro- 
cured intact  and  mounted  so  splendid  a  specimen  as  the  tusk 
already  referred  toj  not  only  in  this  department  but  in  every 
branch  the  same  loving  care  was  exhibited,  no  matter  whether  in 
the  objects  or  the  building. 

Mr.  Payne,  in  responding,  said  he  should  at  any  time  be 
pleased  to  welcome  and  assist  any  members  of  the  Geologists* 
Association  should  they  favour  Rochester  with  a  visit.  A  move 
was  then  made  towards  the  Cathedral,  of  which  a  brief  inspection 
was  made. 

Proceeding  southwards  by  way  of  Boley  Hill  towards  Borstal 
lovely  views  of  the  Medway  were  obtained,  after  passing 
St.  Margaret's  Church.  At  Fort  Clarence  the  Director  drew 
attention  to  the  fine  gorge  immediately  in  front  of  them,  and  to 
the  chief  features  of  the  pits  as  regards  the  zones  of  Chalk  on  the 
opposite  side  of  the  river.  He  hoped  that  they  would  be 
visited  next  year.  Arriving  at  Borstal  the  party  made  their  way 
to  the  Borstal  Manor  pit,  which  is  situated  in  the  Micraster 
£Or'testudinarium-  and  Holaster  pianus-zonQS. 

A  goodly  number  of  fossils  were  obtained,  including  some 
fine  Micrasfers,  an  unusually  good  example  of  M.  pracursor^ 
M,  ieskdy  Holaster  planus^  Cyphosoma  radiatum^  Lima 
hoperi^  Ostrea  lateralis^  etc. 

The  next  pit  visited  was  that  of  Messrs.  Tingey  &  Co., 
at  Wouldham,  situated  in  the  Terebratulina-  and  Rhyncho- 
nella  cuvien-zones.  Unfortunately,  nothing  of  importance  was 
found  on  this  occasion,  though  this  pit  has  yielded  exceedingly 
interesdng  specimens  of  Conulus  subrotundus  and  teeth  of 
Ptychodus,  Quite  recently  the  Director  obtained  from  this  pit 
an  associated  set,  comprising  1 29  teeth  of  P.  poiygyrus^  which  are 
of  great  importance,  as  so  large  a  number  exhibit  the  graduations 
in  size  and  ornament  from  the  outermost  to  the  central  rows  of 
teeth.  By  the  aid  of  the  few  associated  sets  in  which  the  teeth  are 
in  sifd,  and  from  a  similar  set  of  P.  rugosus  obtained  from  the 
Chalk  of  Kansas,  and  figured  by  Williston  and  Stewart,   the 
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Director  has  been  enabled  to  show  both  the  upper  and  lower 
dentition  of  Ptychodus, 

The  next  move  was  to  the  village  of  VVouldham,  where 
refreshment  was  obtained,  and  then  past  the  Free  School  pit  to 
Messrs.  Peters's  large  excavations.  Here  four  members,  who 
availed  themselves  of  the  mid-day  arrangement,  joined  the  party. 
The  largest  of  these  pits  is  worked  in  the  bottom  of  the  Lower 
Chalk.  The  second  working  comprises  the  top  part  of  the 
Holasttr  sub-globosus  Chalk,  and  part  of  the  Actinocamax  plenus 
marls.  From  this  part  a  number  of  fossils  were  obtained, 
including  Ctenothrissa  microcephala^  echinoderms,  and  wood. 
The  third  or  highest  workings  are  in  the  A,  plenus  marls 
and  RhynchontUa  cutneri-zonts.  A  beautiful  specimen  of 
Hemiaster  minimus  was  obtained  by  one  of  the  members. 
About  25  feet  from  the  base  of  the  highest  pit  flint-nodules  occur, 
this  being  the  lowest  horizon  at  which  they  have  been  observed 
by  the  Director.  Many  fine  examples  of  fish  remains  have  been 
obtained  from  this  working  by  the  Director  as  well  as  from  the 
middle  quarry,  which,  within  the  past  two  years,  has  yielded  the 
best  known  English  example  of  an  associated  set  of  teeth  of 
P.  decurrens  found  in  sith;  the  earliest  record  in  Europe  of 
Mosasaurus  in  the  form  of  vertebrae,  and  also  the  best  English 
example  of  the  lizard  Coniosaurus  crassidtns.  The  forgoing 
may  now  be  seen  in  the  British  Museum  * 

Leaving  this  pit,  the  members  proceeded  to  the  celebrated 
Blue  Bell  Hill  Pits.  Upon  arriving  at  the  spot  where  a  descent 
is  made  to  the  workings,  the  Director  pointed  out  the  features  of 
this  unrivalled  exposure,  the  top  of  which  is  at  a  level  of  770  ft. 
above  O.D.  It  extends  from  the  H,  planus  Chalk  to  the  top  of 
the  Chalk  Marl  In  former  days  these  workings  yielded  many 
fossils,  but  now  owing  to  the  upper  pit  being  closed  and  to  the 
employment  of  a  steam  navvy  in  the  bottom  working  the 
possibilities  of  "  finds  "  are  very  few.  A  descent  was  made  into 
the  workings  and  several  fossils  obtained,  after  which,  in  order  to 
save  time,  the  members  were  conducted  through  the  chalk 
tunnel,  which  brought  them  to  some  large  excavations  in  the 
Chalk  Marl. 

Owing  to  the  flight  of  time  it  was  deemed  inadvisable  to 
ascend  Blue  Bell  Hill  and  visit  Kit's  Coty,  though  three 
or  four  of  the  members  attained  their  object  in  this  direction. 

The  party  then  proceeded  to  "The  George"  Hotel  at 
Aylesford. 

*  The  uppermost  pit  of  these  workings  has  since  the  excursion  lieen  visited  by  the 
Director  and  Mr.  Mark  Wilks  for  the  purpose  of  examining  the  base  of  the  RhynchontUa 
ctivier^sones.  Several  plateau-shaped  masses  of  Actinocamax  pUnus  marls  capped  with 
a  layer  of  the  Rhynchonella  cuviert  have  been  left,  and  exposure  to  the  action  of  the 
atmosphere  has  had  the  eflfect  of  revealing  the  contents.  As  at  Blue  Bell  Hill  large 
patches  were  crowded  with  Inoceramus  labiatus  (=  mytiloides),  but  the  most  peculiar 
feature  noticed  was  the  appearance  of  the  Chalk,  when  examined  by  a  lens.  M^ads  of 
prisms  ot  calcite  due  to  the  disintegration  of  the  testa  of  Inoceramut  were  seen.  This 
Interesting  feature  has  not,  the  Director  thinks,  been  observed  elsewhere. 
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After  tea,  Mr.  E.  T.  Newton  proposed  the  usual  votes  of 
thanks,  which  were  duly  acknowledged.  A  portion  of  the  party 
afterwards  followed  the  Director  to  a  fine  section  in  the 
Folkestone  Sands  which  were  capped  by  Drift  from  which 
good  examples  of  mammalian  remains  are  frequently  exhumed. 

The  station  was  reached  by  way  of  the  river,  which 
constitutes  one  of  the  prettiest  walks  connected  with  Aylesford 
and  this  part  of  the  Medway.  Immediately  outside  the  station 
many  tons  of  Kentish  Rag,  quarried  from  the  Hythe  Beds  near 
by,  were  to  be  seen.  The  stones  were  crowded  with  casts 
of  Trigoniay  Nautilus^  etc. 

With  the  exception  of  a  slight  shower  the  weather  had 
remained  all  that  could  be  desired,  and  after  a  most  enjoyable 
day,  in  which  the  walking  powers  of  the  members  were  tested, 
the  return  journey  was  made  at  7.51  p.m. 
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EXCURSION  TO  THE  LAINDON  HILLS,  ESSEX. 

July  13TH,  1907. 

Director  :  A.  E.  Salter,  D.Sc,  F.G.S. 

Excursion  Secretary  :  T.  W.  Reader. 

(JReport  by  ThE    DIRECTOR.) 

A  PARTY  of  35  left  Fenchurch  Street  Station  at  2.30  for  Laindon 
Station  and  arrived  about  3.30.  Several  members  of  the 
Essex  Field  Club  were  present  by  invitation.  At  the  station  the 
Director  referred  to  the  boring  mentioned  in  the  account  of  the 
last  excursion  in  1888  (cf,  references),  when  342  feet  of  London 
Clay  were  passed  through  before  reaching  the  Lower  London  Ter- 
tiaries.  The  station  is  about  148  feet  0,D.  At  Mr.  C.  T.  Johnson's 
brickyard,  about  300  feet  O.D.,  some  redistributed  London  Clay 
\^as  seen,  and  a  well  pointed  out  which  had  been  dug  for  27  feet 
chiefly  in  London  Clay.  A  good  supply  of  water  was  obtained 
after  passing  a  bed  of  septaria.  The  outcrop  of  the  Bagshot 
Sands  being  quite  close  it  is  probable  that  the  occurence  of  water 
in  such  a  position  is  due  to  slipping,  similar  to  that  seen  later  on 
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at  One  Tree  Hill.  The  septaria,  which  had  been  preserved  by 
Mr.  Johnson,  yielded  a  good  deal  of  teredo-bored  wood.  A 
stream  near  by,  issuing  from  a  spring,  had  formed  a  small,  well- 
marked  valley.  Other  springs  along  the  junction  of  the  Bagshot 
Sands  and  I^ndon  Clay  were  pointed  out,  and  Dr.  Thresh's 
report  on  the  water  supply  of  this  district  referred  to. 

The  party  now  proceeded  to  a  section  showing  about  1 5  feet 
of  Bagshot  Sands  situated  on  the  right  of  the  road  leading  to  Lee 
Chapel.     The  sands  are  capped  by  one  or  two  feet  of  hill-wash. 

The  Director  stated  that  the  sands  were  micaceous  and  pointed 
to  some  clay  bands  on  the  west  side  such  as  are  characteristic  of 
Bagshot  deposits,  and  are  well  seen  at  Hampstead.  He  invited 
the  members  to  search  for  fossils  as  he  understood  none  had  yet 
been  found.  Messrs.  J.  Francis  and  H.  A.  Rigg  were  soon  for- 
tunate enough  to  find  two  casts  of  lamellibranch  shells  hardened 
by  oxide  of  iron,  and  others  of  the  party  found  more  or  less  deter- 
minable fragments  of  casts  of  shells.  A  detailed  and  prolonged 
examination  of  this  pit  would  no  doubt  lead  to  good  results. 
This  is  the  second  occasion  upon  which  members  of  the  Association 
have  detected  i<Msils  in  the  Bagshot  Beds  of  Essex  (cf,  Proc,  GeoL 
Assoc,,  vol.  xi,  p.  13,  and  vol.  xix,  p.  319).  The  specimens  were 
kindly  handed  to  Mr.  Cole,  Hon.  Sec.  of  the  Essex  Field  Club, 
for  its  museum. 

At  the  top  of  the  hill  (385  feet  O.  D.)  near  the  "  Crown  "  the  fine 
view  northward  was  much  appreciated,  the  hills  about  Brentwood, 
Billericay,  Beggar  Hill,  and  Danbury  pointed  out,  and  the  gravel 
formation  in  the  higher  parts  referred  to. 

The  party  then  proceeded  to  a  small  gravel  section  near  the 
"  Crown."  The  Director  pointed  out  that  the  gravel  was  composed 
of  Tertiary  flint  pebbles,  sub-angular  flints,  and  sub-angular 
and  rounded  pieces  of  I^wer  Greensand  Chert  He  regarded  it 
as  the  deposit  of  an  old  stream  having  connection  with  the  Weal- 
den  area,  and  that  the  hill  on  which  they  were  standing  owed  its 
existence  as  such  to  the  strata  below  having  been  preserved  by 
the  gravel  while  all  around  the  strata  not  so  covered  has  been 
denuded  away. 

Another  sand-pit  on  the  left  of  the  road  to  Dry  Street  and 
Vange  was  then  visited.  The  clayey  bands  at  the  top  were  well 
shown,  but  no  fossils  were  found.  The  Director  pointed  out  that 
the  beds  were  lying  flat,  thus  differing  from  those  seen  in  the 
next  pit. 

After  walking  about  a  mile  the  road  on  the  right  to  Stanford- 
le-Hope  was  taken,  and  a  pit  at  One  Tree  Hill  seen.  It  was 
pointed  out  that  the  strata  was  much  disturbed  owing  to  slipping. 
A  fine  example  of  a  small  fault  was  seen,  and  also  the  spot  about 
6  ft  below  the  .surface  from  which  the  Director  had  obtained  a 
large  portion  of  a  human  skull  and  other  bones. 

Between  4  and  5  ft  of  hill  creep  was  above  the  bones,  which 
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were  all  in  the  Bagshot  Sand,  the  skull  being  full  of  sand 
Although  no  signs  of  disturbance  could  be  seen,  a  burial  had  no 
doubt  taken  place  at  some  period  more  or  less  remote.  The 
bones  have  been  handed  over  to  the  Essex  Museum  by  the 
Director. 

From  the  top  of  the  pit  a  good  view  was  obtained  of  the 
Thames  to  the  south  and  of  the  Rayleigh  Hills,  visited  last  year,  to 
the  East. 

Good  views  to  the  west  were  also  seen  later  on  in  the  day 
from  the  road  leading  to  Horndon  beyond  the  new  church,  and 
several  roadside  sections  in  gravel  examined.  It  appeared  that 
in  the  sections  in  the  west  of  the  hill  the  gravel  did  not  contain 
much,  if  any,  of  the  Lower  Greensand  fragments  so  plentiful  in 
the  section  already  visited. 

After  tea  at  the  "  Crown  "  the  President  (Mr.  R.  S.  Henries) 
proposed  a  hearty  vote  of  thanks  to  the  Director,  and  was 
supported  by  the  President  of  the  Essex  Field  Club  (Mr.  Miller 
Christy).  The  Director  in  reply  stated  that  there  was  still  much 
to  learn  about  the  Essex  gravels,  and  he  hoped  that  energetic 
members  of  both  societies  would  thoroughly  investigate  them. 

The  party  returned  to  London  by  the  8.30  train. 
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EXCURSION  TO   DORTON,  BRILL,  AND  ARNGROVE. 

Saturday,  July  2oth,  1907. 

Director:    A.  Morley  Davies,  D.Sc,  F.G.S. 

Excursion  Secretary:    A.  H.  Williams. 

{Report  by  The  Director.) 

The  party  left  Marylebone  at  12.15  and  reached  Wotton  at  1.30. 
A  walk  of  a  mile  brought  them,  now  numbering  sixteen,  to 
Dorton,  where  the  Director  pointed  out  the  position  of  Brill  Hill 
and  Rid's  Hill,  with  the  Brickfield  at  its  foot  (Fig.  20).  According 
to  the  Geological  Survey  Map  they  were  then  standing  in  the 
middle    of   the  outcrop    of    "Lower    Calcareous    Grit,"    here 
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represented  by  an  Exogyra 
nana  clay.  The  Director 
considered  that  the  tracing 
of  this  outcrop  by  Mr. 
Polwhele,  fifty  years  ago, 
through  a  clay  country 
with  no  exposures  except 
pond-diggings  was  an  excel- 
lent piece  of  woric.  At 
the  same  time  it  was  only 
natural  that  the  Survey 
should  have  failed  to  dis- 
cover the  existence  of  a 
series  of  folds  which 
brought  up  inliers  of  Ox- 
ford Clay  in  the  midst  of 
the  Corallian  outcrops.  Of 
one  such  inlier  evidence 
was  seen  at  once  in  the 
cutting  under  the  Dorton 
road  bridge,  which  showed 
a  dark  clay  with  numerous 
large  specimens  of  Gryphaa 
dilatata. 

The  Dorton  cutting, 
which  is  on  the  new  line  of 
the  G.W.R.  to  Birmingham, 
will  eventually  be  forty  feet 
deep,  but  at  present  only 
the  upper  half  of  this  has 
been  excavated,  and  a  walk 
of  half-a-mile  along  ground 
not  yet  opened  up  was 
necessary  before  a  good 
section  of  Ampthill  Clay 
was  reached.  This  was  a 
clay  varying  in  colour  from 
light  grey  to  yellowish- 
white,  with  two  bands  of  im- 
pure limestone.  In  some 
of  the  clay-bands,  Exogyra 
nana  was  found  to  be  ex- 
tremely abundant,  but  a 
hunt  for  other  fossils  only 
yielded  one  small  ammon- 
ite, apparently  a  Peri- 
sphificies,  one  worn  Cidaris 
spine  (C.  smithii?)  an  Alec- 
tryonia  gregaria  and  a  few 
doubtful  forms. 
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Attention  was  called  by  Mr.  Sikes,  the  resident  engineer,  to 
lumps  of  highly  fossiliferous  Oxford  Clay,  brought  from  the  tunnel 
a  little  farther  north,  but  the  fossils  were  too  fragile  for  much  col- 
lecting to  be  done.  They  included  Cardioceras,  a  clavellate 
Trigoniay  Modiola,  Pecien^  and  Gryphaa  dilatata.  The  tunnel 
itself  was  not  accessible,  but  the  party  made  its  way  across  the 
Brill  tramway  and  through  Rushbeds  Wood  to  the  cutting  beyond 
the  tunnel.  Here  the* Director  called  attention  to  the  curious 
gravelly  drift,  made  up  largely  of  fragments  of  iron-sandstone  of  all 
sizes,  and  lying  in  pockets  in  the  clay,  even  penetrating  under  it  in 
places.  The  clay  itself  had  all  the  characters  of  Oxford  Clay  at  the 
bottom  of  the  cutting  (black  clay  with  Cardioceras  cordatum\ 
but  higher  up  a  band  of  oysters  yielded  both  Gryphaa  dilatata 
and  Ostrea  discoidea^  the  latter  usually  considered  to  be  confined 
to  the  Ampthill  Clay.  No  Exogyra  uana-zone  was  seen, 
however,  so  the  cutting  had  to  be  left  with  uncertainty  as  to 
whether  it  contained  any  Ampthill  Clay  or  not.* 

Returning  to  the  road  a  short  walk  brought  the  party  to  the 
Brill  brickfields,  where  a  fine  section  of  Lower  Kimeridge  Clay 
was  seen.  The  clay  at  the  base  contained  abundant  selenite 
crystals,  and  some  fine  belemnites  converted  into  selenite  were 
found.  Blocks  of  stone  full  of  Serpula  tetragona  and  Cyprina 
cyreniformis  were  broken  up  for  specimens.  From  limestone 
bands  at  a  higher  level  Pholadomya  aquaiis  and  Pleuromya 
recurva  (with  perhaps  another  species)  were  obtained ;  and  still 
higher  the  zone  of  Exogyra  virgula  was  found.  Examination 
of  the  workmen's  hoard  enabled  the  Director  and  Mr.  Newton  to 
add  to  the  recorded  list  of  fossils  the  very  characteristic  species 
Rhynchonella  ifuonstans^  as  well  as  vertebrae  and  other  bones  of 
Ichthyosaurus  and  Piesiosaurus, 

Tea  was  taken  at  the  Rose  and  Crown,  Brill,  after  which  the 
President  proposed  a  sincere  vote  of  thanks  to  the  Director. 
The  July  train  alterations  had  given  the  Director  an  extra  three 
quarters  of  an  hour  to  dispose  o^  and  as  a  strong  desire  had  been 
expressed  to  see  the  Arngrove  Stone  in  situ  it  was  decided  to  do 
that  in  place  of  examining  the  sections  on  Brill  Common. 
A  waggonette  was  hired  and  the  party  divided  into  a  driving  and 
a  walking  section,  and  succeeded  in  reaching  the  Arngrove  pits 
in  time  for  a  hasty  examination  of  the  stone  and  a  quick  return. 
Although  the  exposure  seen  was  small,  and  the  time  short,  every 
one  was  able  to  obtain  good  examples  of  this  interesting  stone, 
which  is  also  known  as  ^^  Rhaxella  Chert,"  being  very  largely 
made  up  of  the  minute  rounded  spicules  of  that  sponge  (see 
p.  127).  Several  fossils  were  also  found,  such  as  Cardioceras 
cordatum^  Trigonia^  Modiola,  Serpula^  etc. 

A  return  was  made  to  London  by  the  8.10  train  from  Brill. 

*  Further  ezamioation  has  shown  the  existence  of  £.  fiano-beds  at  the  southern  end 
of  the  cutting,  and  has  revealed  unexpected  complexities  of  structure.— A.M. D., 
October  X2th,  1907. 
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EXCURSION   TO   IPSWICH    AND   CLAYDON. 

In  Connection  with  the  Ipswich  Field  Club. 

Saturday,  July  27TH,  1907. 

Directors:  G.  Slater  and  Miss  Nina  Layard,  F.L.S. 

Excursion  Secretary :  A.  C.  Young. 

(^Report  by  GEORGE  SLATER.) 

The  members  started  from  Liverpool  Street  (G.E.R.)  by  the 
12.45  P-°™-  train,  reaching  Ipswich  Station  2.30p.m.,  whereabout 
fifty  members  of  the  Ipswich  Field  Club  were  waiting  to  receive 
them. 

The  party  immediately  proceeded  to  the  low  hill  west  of 
Handford  Bridge,  and  three-quarters  of  a  mile  north-west  of  the 
station.  The  hill  is  intersected  by  the  railway  between  the 
London  Road  and  the  Hadleigh  Road  over-line  bridges,  and  is 
bounded  by  the  Hadleigh  and  London  Roads,  thus  forming  a 
triangle. 

In  the  year  1900  the  railway  cutting  was  widened  on  the 
north-eastern  side  of  the  line  for  a  distance  of  about  9  chains 
from  the  London  Road  bridge,  the  depth  varying  from  25  ft.  to 
30  ft.,  and  in  November,  1905,  excavations  were  commenced  on 
the  Hadleigh  Road  by  the  local  unemployed  under  the  auspices 
of  the  Ipswich  Town  Council.  A  considerable  number  of  men 
were  engaged  from  time  to  time  in  cutting  back  the  slope  towards 
the  line,  preparing  building  sites,  the  extracted  earth  being  trans- 
ferred to  the  depression  on  the  opposite  side  of  the  road. 

A  halt  was  made  on  the  brow  of  the  hill,  where  the  geological 
structure  of  the  district  was  briefly  described.  The  Chalk  is 
exposed  in  the  valley  of  the  Gipping  for  a  short  distance  only, 
owing  to  the  thick  mantle  of  drift.  It  is  seen  in  a  small  pit  three- 
quarters  of  a  mile  south-east  df  Bramford  Church,  or  one  mile 
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north-west  of  the  Hadleigh  Road  excavations.*  From  this  point 
towards  the  sea  the  top  of  the  chalk  gradually  sinks  below  the 
surface  of  the  ground. 

The  general  succession  of  the  beds  above  the  Chalk  in  the 
immediate  neighbourhood  is  as  follows,  t)ie  thickness  of  the  beds 
being  only  approximate : 

over  20  ft, 
over  20  ft. 
10  to  15  ft. 
27  ft. 
20  ft. 
Sft. 


Boulder  Clay 
Middle  Glacial      . 

Crag 

London  Clay 

Woolwich  and  Reading  Sands 

Thanet  Beds         .        . 

Chalk. 


It  was  pointed  out  that  the  scene  of  the  excavations  was 
evidently  the  outcrop  of  the  London  Clay  and  Crag  with  a  little 
of  the  Woolwich  and  Reading  sands  below  and  Middle  Glacial 
above,  and  the  chief  interest  of  the  sections  lies  in  showing  the 
effect  of  the  intense  pressure  of  ice  on  yielding  and  plastic  beds. 

After  referring  to  the  general  characteristics  of  the  Boulder 
Clay  of  the  Eastern  Counties  and  the  general  behaviour  of  ice 
when  passing  over  a  country!  (see  the  three  papers  by  Mr.  Harmer 
given  in  the  references  at  the  end  of  this  report),  the  passage  of 
ice  down  the  Gipping  Valley  was  briefly  alluded  to. 

That  the  valley  was  the  natural  watercourse  in  glacial  times 
was  proved  by  the  presence  of  certain  gravels  beneath  the  Boulder 
Clay  which  are  composed  of  chalky  gravel  with  boulders  and 
derived  fossils,  and  other  debris  of  glacial  origin.  Specimens  of 
washed  Boulder  Clays  were  exhibited.  These  gravels  are  well 
seen  amongst  other  places  at  Haughley  Ballast  pit  (Plate  V, 
Figs.  T4,  15),  which  was  opened  (1904)  in  order  to  obtain 
material  for  the  Mid-Suffolk  Light  Railway,  and  in  a  new  pit  about 
half-a-mile  south-east  of  Needham  Market  close  to  the  highway 
opened  in  1905.  In  the  latter  pit  large  blocks  of  Jurassic  sand- 
stone, septaria,  and  limestones  have  been  obtained,  and  the 
following  derived  fossils,  kindly  identified  by  Dr.  Kitchin  of  the 
Jermyn  Street  Museum  (July  4th,  1906)  : 

Ostrea^  probably  derived  from  Ampthill  Clay  horizon, 

Gryphaa  armata^  Lias, 

Gryphaa  (many  specimens),  very  common, 

Cardinia  crassissima^  Lias, 

Ammonites  jason, 

A  cup-shaped  fragment  of  spheroidally  weathered  dolerite  was 
also  found. 

The  distribution  of  this  gravel  appears  to  be  very  irregular, 
and  opens  out  many  interesting  problems. 

*  See  "  Geology  of  the  Country  around  Ipswich,  Hadleigh,  and  Felixstowe,"  Memoir 
of  the  Geol.  Survey ^  p.  7. 

t  H.  B.  Woodward,  "The  Chalky  Boulder  Clay  and  the  Glacial  Phenomena  of  the 
Western-Midland  Counties  of  England,"  Brit,  Ass.  Report,  1897. 
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The  question  of  the  disturbance  of  the  underlying  beds  by 
the  pressure  of  great  masses  of  ice  was  now  dealt  with.  The 
amount  of  disturbance  would  naturally  vary  with  the  intensity  of 
the  pressure  and  the  composition  and  relative  resisting  powers  of 
the  beds  below  the  ice. 

The  ice-pressure  would  seem  to  have  been  greatest  at  the 
bottom  of  the  valley,  but  would  also  appear  to  have  varied 
according  to  the  winding  of  the  valley,  having  been  greatest  on  the 
concave  and  least  on  .the  convex  sides  of  the  valley,  in  this  respect 
seeming  to  have  behaved  very  much  like  a  stream  of  water. 

This  would  account  for  the  considerable  amount  of  dis- 
turbance seen  at  Claydon,  although  the  top  of  the  pit  reaches 
the  ICO  ft.  contour  (see  also  Plate  V,  Figs.  8  and  9),  and  for  the 
great  confusion  so  well  seen  in  the  Hadleigh  Road  excavation. 

Where  the  pressure  was  very  great  "planing"  action  took 
place;  in  favourable  regions  the  ice  buttressing  against  and 
pushing  along  for  considerable  distances  beds  which  impeded  its 
progress.  In  these  cases  the  Boulder  Clay  would  rest  horizontally 
on  the  underlying  beds  (see  Claydon,  Plate  V,  Fig.  7,  north  end 
of  the  pit,  also  the  pit  already  referred  to  three-quarters  of  a  mile 
south-east  of  Bramford  Church). 

Another  interesting  point  proved  by  the  Hadleigh  Road  and 
Railway  sections  was  that  pressure  had  not  only  been  longitudinal 
— />,  down  the  valley — but  also  lateral,  the  beds  being  distinctly 
disturbed  both  N.W.  to  S.E.  and  E.  to  W.,  that  is,  at  right  angles 
to  the  sides  of  the  valley,  a  point  extremely  well  shown  in  the 
whole  of  the  Hadleigh  Road  excavations.  The  effect  of  ice 
pressure  on  the  various  beds  shows  some  interesting  results. 
Plastic  beds  like  London  Clay  are  contorted  and  bent  into 
anticlines,  the  upper  parts  of  which  are  often  truncated,  the 
masses  removed  being  transported  to  some  distance  and  becoming 
intercalated  with  other  beds.  The  general  action  of  the  ice  was 
then  dealt  with,  and  the  remarks  were  illustrated  by  reference  to 
Plate  V,  Figs,  i,  2,  3,  7,  where  buttressing  action  is  well  shown. 

In  the  case  of  soft  sands  the  general  arrangement  seems  to 
have  been  the  passing  of  the  ice  by  gentle  curves  (Plate  V, 
Figs.  13  and  8),  with  not  much  disturbance  of  the  underlying 
beds. 

The  party  now  descended  to  the  railway  cutting,  and  by 
means  of  scale  drawings  were  enabled  to  understand  the  main 
features  of  the  section. 

The  Director  pointed  out  that  none  of  the  material  of  the 
beds  in  the  section  was  in  siiii.  Proofs  that  the  masses  of 
London  Clay  were  disturbed  were  shown,  curved  bands  of 
cement-stone  being  well  seen.  An  interesting  point  in  the 
cutting  is  the  presence  of  oval-shaped  transported  masses  of  the 
Crag,  which  have  evidently  acted  like  "boulders."  (See  also 
Plate  V,  Fig.  12.) 
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It  seems  clear  from  the  section  that  after  the  London  Clay 
masses  became  "  fixed  "  by  slow  and  intense  pressure,  as  show^n 
by  the  unbroken  curved  lines  of  cement  stone,  the  Crag  masses 
were  moved  independently,  streaks  and  trails  of  Crag  in  hollows 
of  the  London  Clay  being  fairly  common.  (See  also  Plate  V, 
Fig.  6,  with  Boulder  Clay  between  Crag  beds.) 

Two  sets  of  Boulder  Clays  are  well  marked  in  the  Gipping 
neighbourhood,  the  buff  or  lower  clay  being  characteristic  of  the 
valley.  The  Kimeridgian  above  is  separated  from  this  by  a 
Boulder  Clay  wash  in  the  Railway  Catting.  But  the  two 
Boulder  Clays  are  seen  at  the  Explosive  Works,  Stowmarket, 
without  any  gravel  between,  the  two  being  only  distinguished 
by  colour.  In  many  sections  the  two  merge  imperceptibly  into 
•one  another. 

The  party  now  proceeded  to  examine  the  Hadleigh  Road 
cuttings.  At  the  present  time  the  excavations  are  in  what  is 
practically  a  much  disturbed  outcrop  of  Crag  sand,  and  though 
some  fine  sections  are  still  to  be  seen  showing  disturbed  beds 
at  high  angles  (Plate  V,  Figs.  4  and  5),  yet  many  of  the  best 
sections  are  now  removed. 

Diagrammatic  sections  showing  the  general  arrangement  and 
disturbance  of  the  beds  were  shown  (Plate  V,  Figs.  2  and  3),  with 
the  general  explanation  of  the  cutting  as  revealed  from  time  to  time. 

A  fine  series  of  photographs  of  the  excavations  taken  by  Mr.  P. 
Boswell,  F.G.S.,  was  shown  exhibiting  many  peculiar  and 
interesting  features  in  sections  now  removed,  with  scale  drawings 
showing  the  shearing  and  contorting  of  beds  of  sand  gravel  and 
masses  of  Crag. 

Perhaps  the  finest  features  of  these  excavations,  now  un- 
fortunately utterly  removed,  were  the  fine  anticlines  of  London 
Clay  with  bands  of  Cement  Stone.  It  is  a  remarkable  fact  that 
the  Cement  Stone  bands  formed  in  many  places  unbroken 
curves  pointing  unmistakably  to  the  enormous  pressure  and 
-extreme  slowness  of  the  ice  action.  It  is  also  significant  that  on 
the  opposite  side  of  the  valley,  not  more  than  a  mile  distant,  no 
trace  of  disturbance  in  the  London  Clay  has  been  seen,  although 
two  pits  in  the  London  Clay,  on  the  same  level  as  the  Hadleigh 
Road  Cutting,  have  been  worked  for  many  years.  The  sharp 
bend  in  the  valley  so  well  shown  on  the  contoured  ordnance 
map,  has  resulted  m  the  site  of  the  Hadleigh  Road  excavations, 
which  is  on  the  concave  side  of  the  valley,  being  exposed  to  the 
full  force  of  ice  pressure  coming  down  the  valley,  whilst  the 
narrowing  of  the  valley  at  Ipswich  would  naturally  increase  the 
lateral  pressure. 

Miss  Nina  Layard,  F.L.S.,  gave  a  short  account  of  an  Anglo- 
Saxon  cemetery  on  the  spot  which  was  opened  during  the 
early  portion  of  last  year.  She  personally  examined  159  graves. 
The  cemetery  was  of  irregular  shape,  about  400  ft.  by  105  ft.,  and 
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is  believed  to  have  been  a  pagan  burial  place  of   the  sixth 
century. 

The  bodies  were  all  buried  in  a  horizontal  position  with 
arms  at  the  sides.  Numerous  relics  came  to  light  in  the  shape 
of  weapons,  articles  of  personal  adornment,  household  utensils, 
pottery,  glass,  and  beads ;  these  were  found  buried  with  the 
skeletons.  There  were  also  about  two  dozen  urns  for  holding 
cremated  remains.  The  pottery  was  in  all  cases  very  rough,  and 
in  the  few  instances  in  which  it  was  adorned  the  decoration 
consisted  of  indentations  made  by  pressure  of  the  thumb  from 
within  the  unbaked  pot,  while  a  peculiar  feature  of  the  cemetery 
was  that  though  numbers  of  spear-heads  and  javelins  were 
discovered  not  a  single  sword  was  found. 

The  relics  include  : 

42  spear- heads,  77  knives,  16  bosses  of  shields,  32  necklaces 
of  beads  containing  848  beads,  one  necklace  composed  of  a  silver 
ring,  16  small  bronze  buckles,  4  glass  drinking  cups,  and  many 
other  remains  which  throw  much  light  not  only  on  the  burial 
customs  but  on  the  actual  living  customs  of  our  Anglo-Saxon 
ancestors. 

A  hearty  vote  of  thanks  to  Miss  Layard  was  proposed  by 
Mr.  Slater  and  seconded  by  Mr.  Herries  on  behalf  of  the 
Geologists'  Association. 

Leaving  the  Hadleigh  Road  excavations  the  members  left 
Ipswich  Station  at  4.35  p.m.  for  Claydon,  where  tea  was  provided 
by  the  Ladies'  Committee  of  the  club  in  the  beautiful  grounds  of 
the  rectory  at  the  invitation  of  the  Rector  (The  Rev.  Ansell  Jones) 
and  Mrs.  Jones,  to  whom,  as  well  as  to  the  ladies,  Mr.  Slater  pro- 
posed a  vote  of  thanks.  In  seconding  it  Mr.  Herries  took  the 
opportunity  of  asking  for  a  hearty  vote  of  thanks  to  Mr.  Slater 
for  the  interesting  excursion  which  he  had  provided.  All  these 
votes  were  carried  by  acclamation. 

After  tea  the  Claydon  Chalk  Pit  was  visited,  and  the  fine 
exposure  was  explained  in  detail  (Plate  V,  fig.  7).  The  whole 
section  has  been  cleared  and  measured  by  the  Director,  and  by 
means  of  drawings  supplied  the  various  features  were  easily 
followed. 

The  section  Fig.  21*  corresponds  with  the  southern  half  of 
the  present  section,  although  the  pit  has  been  cut  back  a  con- 
siderable distance  since  1875.  The  buttressing  of  Boulder  Clay 
is  extremely  well  marked  at  the  northern  end.  The  hard  beds 
are  decalcified  Crag,  shells  and  a  bone  having  been  found  by 
the  Director.  The  two  masses  of  Boulder  Clay  were  also 
proved  to  be  connected,  and  to  form  part  of  the  same  bed. 
The  Boulder  Clay  is  the  buff  or  valley  variety,  not  the  plateau 
or  Kimeridgian  type. 

The  remarkable  planing  action  of  the  ice  on  clay  of  the 

^  *'  Geology  of  the  Neighbourhood  of  Stowmarket/'  W.  Whitaker  and  others,  1881,  p.  zo. 
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Thanet  series  was  dwelt  upon  (Plate  V,  Fig.  7,  dark  bands),  and 
the  large  Chalk  Boulder  (42  ft.  long)  was  clearly  seen. 

The  section  generally  represents  buttressing  and  over-riding 
by  the  ice  of  masses  of  Crag  and  sands ;  the  thrusting  of  the 
wedge  of  Boulder  Clay  beneath  Thanet  beds  and  Crag  being 
probably  due  to  the  beds  being  frozen  in  the  ice  and  carried  to 
higher  levels  by  means  of  thrust  planes  in  the  ice. 

The  pot-holes,  a  common  feature  of  the  Chalk  in  the  neigh- 
bourhood, were  also  explained.  The  large  one  at  the  South 
end,  now  obscure,  was  revealed  January  ist,  1905.  Its  depth 
was  as  much  as  57  feet.  After  a  hard  frost  followed  by  a  thaw 
the  face  of  the  cliff  fell  out,  and  a  large  quantity  of  sand  filled 
with  debris  a  pit  below  15  ft.  deep,  doing  considerable  damage. 

After  referring  to  Trimmer's  researches  (see  References),  it 
was  pointed  out  that  there  was  no  clear  evidence  as  to  the  age  of 
the  pot-holes  in  the  present  pit,  the  probability  being,  however, 
that  they  were  pre-Eocene.  Photographs  were  exhibited  of  the 
pot-hole  during  various  stages. 

Proceeding  to  the  little  village  of  Whitton,  the  party  caught 
the  electric  car  to  Ipswich  Station,  leaving  for  London  about 
8  o'clock. 
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LONG    EXCURSION    TO    THE    APPLEBY    DISTRICT, 
WESTMORELAND. 

August  15TH  to  24TH,  1907. 

Director :  John  Edward  Mark,  Sc.D.,  F.R.S. 
Excursion  Secretary  :  A.  C.  Young. 

(^Report  by  THE   DIRECTOR.) 

A  PARTY  numbering  about  45  assembled  at  the  Tufton  Arms 
Hotel,  Appleby,  on  the  evening  of  Wednesday,  August  14th,  to 
study  the  geology  of  the  surrounding  district,  and  remained  until 
Saturday,  August  24th.  They  were  fortunate  in  being  favoured 
with  good  weather  during  the  greater  part  of  their  stay,  the  only 
rain  of  any  importance  falling  on  the  22nd,  when  they  visited 
Shap  Quarries,  and  on  that  day  the  drive  to  and  from  Shap  was 
accomplished  without  rain.  The  broken  weather  was  in  reality 
beneficial,  allowing  of  excellent  views  owing  to  the  clearness  of 
the  hills. 

Thursday,  August  15TH. 

The  members  of  the  Association  first  ascended  the  river 
banks  above  the  town,  where  the  Director  explained  the  general 
geology  and  its  influence  upon  the  main  scenic  features.  Beneath 
them  was  the  Eden  in  an  incised  meandering  valley,  now  being 
modified  by  the  formation  of  alluvial  flats  and  the  partial  extinc- 
tion of  the  old  spurs.  The  advantageous  position  of  Appleby, 
built  on  one  of  these  spurs,  with  its  castle  commanding  the 
higher  part  of  the  spur,  was  seen.  The  comparatively  low  ground 
of  Edenside,  occupied  by  the  New  Red  Sandstone  rocks,  was 
pointed  out  as  extending  to  about  two  miles  west  of  Appleby  and 
three  to  four  miles  east  of  that  town.  Looking  east  over  Eden- 
side, the  party  saw  the  great  scarp  of  the  Pennine  Chain,  com- 
posed of  Carboniferous  rocks,  with  the  pointed  hills  of  Lower 
Palaeozoic  rocks  fronting  the  scarp.  It  was  explained  that  a 
small  fault — the  Inner  Pennine  Fault — lay  between  the  pointed 
hills  and  the  scarp  behind  them,  while  a  great  fault — the  Outer 
Pennine  Fault — ^lay  immediately  in  front  of  the  Lower  Palaeozoic 
hills,  separating  them  from  the  lower  ground  occupied  by  New 
Red  Sandstone.  It  was  stated  that  a  third  fault — the  Middle 
Pennine  Fault — also  existed,  separating  older  Ordovician  strata 
on  the  east  from  higher  Ordovician  and  Silurian  beds  in  the 
west.  Turning  westwards,  the  Director  explained  that  the  Lower 
Palaeozoic  tract  of  Lakeland  seen  in  the  distance  was  succeeded 
by  terraced  ground  composed  of  Lower  Carboniferous  strata,  and 
that  these  strata  were  unconformably  overlain  by  the  New  Red 
Proc.  Gbol.  Assoc,  Vol.  XX,  Part  3,  1907.]  15 
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Sandstone  rocks,  though  no  section  showing  the  unconformity 
could  be  seen. 

The  party  then  walked  across  the  New  Red  Sandstone  strata 
to  Hilton  village.  The  position  of  the  Lower  Brockram  was 
pointed  out  and  the  false-bedded  Penrith  Sandstone  examined 
in  the  street  of  Bongate,  after  which  the  party  proceeded  to 
Hilton  Beck.  Here  the  Director  indicated  the  position  of  the 
Upper  Brockram  in  the  middle  of  the  Penrith  Sandstone.  The 
Hilton  Shales  were  examined,  and  a  few  plants  were  found  there- 
in. On  approaching  Hilton  village  a  good  section  of  the  St. 
Bees  Sandstone  was  observed  in  two  quarries,  and  in  the  more 
easterly  section  a  tongue  of  drift  was  seen  forced  beneath  a  pro- 
jecting mass  of  the  Sandstone  (see  Plate  VI,  fig.  i).  On 
reaching  the  village  the  party  lunched,  and  then  walked  up  the 
Beck  to  the  Scordale  Lead  Mines.  The  position  of  the  Outer 
Pennine  Fault  was  shown  near  the  old  Smelt  Mill,  beds  of 
Caradoc  age  (Dufton  Shales),  being  seen  within  a  few  yards  of  the 
St.  Bees  Sandstone.  Farther  up  stream  the  general  position  of 
the  Middle  Fault  was  indicated,  and  shortly  after  this  an  exposure 
of  Skiddaw  Slate  was  examined. 

The  Inner  Fault  was  in  turn  crossed,  and  the  party  found 
themselves  on  Carboniferous  rocks.  These  were  examined  near 
the  Lead  Mines,  where  the  Whin  Sill  was  also  hammered,  and 
Mr.  Fearnsides  noticed  that  the  heavy-spar  which  was  being 
worked  occurred  in  lenticles  beneath  the  Whin  Sill. 

From  Hilton  village  the  party  drove  back  to  Appleby,  which 
was  reached  at  a  quarter  past  six.  After  dinner,  the  Director 
having  been  misinformed,  and  believing  that  it  was  customary  to 
explain  the  day's  proceedings  by  aid  of  a  blackboard,  proceeded 
to  do  so,  and  was  induced  to  do  the  same  on  succeeding 
evenings. 

Friday,  August  i6th. 

The  party  drove  to  Knock,  starting  at  9.30,  and  devoted  the 
day  to  a  detailed  study  of  the  succession  and  characters  of  the 
Lower  Palaeozoic  strata.  Leaving  the  village,  and  ascending 
Swindale  Beck,  the  general  position  of  the  Outer  Pennine  Fault 
was  indicated.  The  first  rocks  to  be  hammered  were  of  Wenlock 
age  (Brathay  Flags),  and  yielded  a  good  specimen  oi  Monograptus 
priodon.  It  was  explained  that  as  the  beck  was  ascended  lower 
strata  were  met  with.  The  next  beds  examined  were  the 
Browgill  deposits  (of  Gala-Tarannon  age).  Here  a  considerable 
number  of  graptolites  of  the  higher  zone  (including  Monograptus 
crispus^  M,  marriy  and  Retiolites  geinitzianus)  were  obtained,  and 
specimens  of  the  mica-trap  dyke  which  breaks  through  the 
Browgill  beds  at  the  junction  of  Swindale  and  Great  Rundale 
Becks  were  secured.  This  is  the  dyke  which  is  figured  in  Dr. 
Teairs    "British    Petrography."      The    party   secured    several 
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corroded  phenocr)sts  of  felspar  like  those  of  the  Shap  Granite 
from  this  dyke,  also  samples  of  other  inclusions,  one  of  which 
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resembled  the  quartz-porphyry  of  Dufton. 
Jf.    turrjcu/a/uS' zone 
was   shown ;    it    was 
explained     that     the 
Skelgill     beds     were   | 
here    faulted    out,   ! 
though  exposed  in   ! 
Great  Rundale  Beck,    j 
where  they  were  sub-   . 
sequently     seen      by    \ 
some    of    the    party.    * 
The  highest    Ordovi- 
cian    rocks,     Ashgill 
Shales,  were  indicated, 
and    then     attention 
was  called  to  a  grey 
nodular     limestone, 
which     the     Director 
claimed     to     be 
"  Keisley  Limestone." 
Hammers  were   soon 
at    work,    and    some 
fossils  extracted.    One 
found     by     Mr.     H. 
Bassett,  apparently  a 
Staurocephalus^       w^as 
kindly  handed  by  him 
to  the  Director,  and 
the  President  made  a 
remark,  which  should 
be  recorded,    to    the 
efilw't  that  specimens 
which  were  of  use  to 
the  Directors   of   ex- 
cursions    should     in 
most  cases  be  given  to 
them.      The    present 
Director  gratefully  ac- 
knowledges  that   this 
was  done  whenever  a 
speci.nen   of    interest 
to  him  was  found. 

The  party  had 
hitherto  been  floun- 
dering along  a  steep 
bank  through   under- 
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growth,  but  now  reached  open  moorland,  where  they  lunched 
and  examined  the  Dufton  Shales,  from  which  some  fossils 
were  extracted.  After  this  the  Corona  Beds  were  tapped,  and 
it  was  pointed  out  that  some  of  the  limestone  bands  therein 
were  largely  composed  of  ostracods.  These  Corona  Beds  repose 
on  the  rhyolitic  group  of  rocks  which  form  Knock  Pike,  and 
specimens  of  the  interesting  eutaxitic  rhyolite  with  inclusions  of 
an  earlier  andesite  were  obtained  from  the  beck.  Higher  up 
stream  the  Middle  Pennine  Fault  was  actually  seen  with  rhyolite 
to  the  west,  Skiddaw  Shales  to  the  east,  and  a  crush-belt  along 
the  fault  with  an  intrusion  of  mica-trap.  From  here  some  of  the 
party  ascended  Knock  Pike,  while  others  visited  the  Skelgill  Beds 
of  Great  Rundale  Beck  and  the  quartz-porphyry  with  lai^e 
phenocrysts  of  biotite,  which  is  exposed  on  the  western  flanks  of 
Dufton  Pike.  Tea  was  obtained  at  the  Pack  Horse  Inn,  at 
Knock,  and  the  party  drove  back  to  Appleby,  which  was  reached 
at  6.45. 

Saturday,  August  17TH. 

The  party  drove  to  Hilton  at  9.30,  the  object  of  the  day 
being  study  of  the  geology  of  Roman  Fell.  The  Ordovician 
rocks  of  the  western  slopes  were  examined,  and  some  fossils, 
including  Lingula  tenuigranulata^  extracted  from  the  Corona-beds. 
Ascending  one  of  the  streams  which  seam  the  western  face,  the 
party  soon  reached  the  "  Polygenetic  "  conglomerate,  a  boulder 
conglomerate  containing  a  great  variety  of  pebbles  in  a  somewhat 
incoherent  matrix.  Many  of  the  pebbles  are  slickensided,  bent, 
and  even  faulted.  Higher  up  the  Fell  another  conglomerate,  the 
Roman  Fell  Conglomerate,  was  reached.  This  consists  chiefly  of 
hard,  yellow-brown  sandstone  with  many  seams  of  quartz-pebbles. 
The  unconformity  between  these  conglomerates  and  the  Lower 
Palaeozoic  Rocks  was  clearly  discerned. 

Thence  a  move  was  made  to  the  summit  of  Roman  Fell, 
where  it  was  seen  that  the  sandstone  is  often  superficially  con- 
verted into  quartzite  by  recent  weathering.  Proceeding  south- 
wards, a  cross-fault,  which  brings  the  Melmerby  Scar  Limestone 
against  this  conglomerate,  was  reached,  and  from  this  point  a  fine 
view  was  obtained  of  the  broken  blocks  of  ground  occupied  by 
the  Lower  Carboniferous  rocks  near  Brough.  It  was  seen  that 
the  downthrow  of  the  faults  was  constantly  to  the  south,  and  the 
Director  showed  how  this  was  connected  with  the  dying  out  near 
Brough  of  the  Outer  Pennine  Fault.  The  line  of  fault  separat- 
ing the  conglomerate  from  the  Melmerby  Scar  Limestone  was 
followed  down  the  east  side  of  Roman  Fell  to  Swindale  Beck  (a 
different  beck  from  that  visited  on  Friday).  In  this  beck  a  lime- 
stone was  pointed  out  from  which  Prof.  Garwood  has  obtained 
fossils  which  prove  that  it  is  below  the  Dibunophyiium-zoxiQ. 
Mr.  Whitaker,  struck  with  some  swallow-holes  during  the  descent 
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took  some  of  the  members  to  the  summit  of  the  Melmerby  Scar 
Limestone  on  the  east  side  of  Swindale.  There  they  were  rewarded 
with  a  view  of  a  fine  series  of  these  holes.  The  party  had  tea  at 
Hilton  and  drove  back  to  Appleby,  which  they  reached  about 
6  p.m.  After  the  blackboard  demonstration  in  the  evening 
Mr.  Whitaker  kindly  gave  an  explanation  of  the  nature  and  mode 
of  formation  of  the  swallow-holes. 

Monday,  August  iqth. 

The  members  of  the  Association  at  9.30  drove  to  Harbour 
Flat  under  the  Fells,  and  walked  up  the  bottom  of  the  High 
Cup  Valley  to  High  Cup  Nick  (see  Plate  VH,  Figs,  i  and  2).  The 
hills  were  singularly  clear  and  fine  views  were  enjoyed.  The  cirque- 
like character  of  the  head  of  the  valley  with  its  precipice  carved  in 
the  Whin  Sill  topped  by  the  Tyne-Bottom  Limestone  was  noted,  and 
attention  called  to  the  cutting  back  of  the  High  Cup  Valley  into  the 
Maize  Beck,  drainage-benches  of  the  old  valley,  which  was  tributary 
to  Maize  Beck,  still  existing  on  either  side  of  the  upper  part  of  the 
High  Cup  Valley.  Many  of  the  party,  in  order  to  get  a  better 
view,  ascended  Narrowgate  Beacon  and  walked  along  the  ridge. 
Ingleborough  to  the  south,  the  I^ke  District  Hills  to  the  west, 
and  Criffel  on  the  other  side  of  Solway  were  all  clear,  and  the 
party  therefore  had  an  exceptional  opportunity  of  seeing  the 
courses  taken  by  the  glacial  boulders  which  eventually  found  their 
way  over  Stainmoor.  The  members  had  tea  at  the  Stag  Inn 
at  Dufton,  and  after  examining  the  quarries  in  the  St.  Bees  Sand- 
stone returned  to  headquarters. 

Tuesday,  August  2oth. 

An  alteration  in  the  order  of  the  programme  was  made,  and 
this  day  devoted  to  Melmerby.  The  party  drove  along  the  Fells, 
seeing  the  structure  of  the  Pennine  Chain  along  the  whole  of  that 
portion  which  is  flanked  by  I-,ower  Paleozoic  rocks.  A  slight 
detour  was  made  to  see  the  village  of  Milburn,  for  many  years 
the  abode  of  the  late  Mr.  J.  G.  Goodchild,  whose  papers  on  the 
geology  of  the  district,  especially  with  reference  to  the  glacial 
phenomena,  are  so  well-known.  Reaching  Melmerby  the  party 
examined  the  unconformity  between  the  Skiddaw  Slates  and 
the  polygenetic  conglomerate  on  the  fell-road  south  of  Rake 
Brow.  The  great  fault  which  brings  the  Melmerby  Scar  Lime- 
stone from  Melmerby  High  Scar  to  Melmerby  Low  Scar  was 
shown,  and  it  was  observed  that  its  throw  was  in  the  opposite 
direction  to  that  of  the  faults  about  Brough,  it  being  connected 
with  the  northerly  diminution  of  the  throw  of  the  Outer  Pennine 
Fault.  Walking  along  Rake  Brow  the  lavas  and  ashes  of  the 
Eycott  Series  of  the  Borrowdale  volcanic  group  were  hammered, 
including  a  handsome  rock  with  large  plagioclase  phenocrysts. 
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Farther  on  the  Middle  Pennine  Fault  was  crossed,  and  the  rhyolitic 
group  seen,  with  a  Tertiary  dyke  breaking  through  its  rocks.  On 
reaching  the  Alston  Moor  Road  these  rhyolitic  rocks  were  seen 
to  be  succeeded  by  the  Corona  Beds,  from  which  fossils  were 
extracted.  Tea  was  obtained  at  Melmerby,  and  the  party  thence 
drove  back  to  Appleby. 

Wednesday,  August  2ist. 

This  was  essentially  a  day  for  collecting.  Driving  to  Dufton 
an  ascent  of  Pusgill  Beck  was  first  made.  The  Dufton  Shales 
of  that  beck  were  hammered,  and  higher  up  stream  the  Corona 
Beds  were  found.  This  is  the  best  section  for  obtaining  Trematis 
corona,  and  a  fine  suite  of  that  fossil  and  other  organisms  was 
obtained. 

A  good  view  was  seen  to  the  north,  showing  the  position  of 
the  three  great  faults  (see  Plate  VI,  Fig.  2,  which  shows  the 
notches).  The  Inner  Pennine  Fault  was  seen  to  be  responsible 
for  the  notch  between  Brownber  and  the  main  .scarp,  the  Middle 
Fault  for  the  notch  between  Brownber  and  Dufton  Pike,  while 
the  Outer  Pennine  Fault  was  marked  by  the  appearance  of  the 
low  ground  occupied  by  New  Red  Sandstone  to  the  west  of 
Dufton  Pike. 

Here  the  party  divided,  some  ascending  Dufton  Pike,  others 
visiting  Brownber  to  see  the  Skiddaw  Slates  converted  into 
sericite  schists  along  the  folded  quartz-veins  as  the  result  of 
pressure-metamorphism.  Those  who  had  not  seen  the  Dufton 
quartz-porphyry  now  visited  it  and  obtained  specimens,  and  the 
party  reunited  for  tea  at  the  Stag  Inn,  Dufton.  Afterwards  they 
visited  Keisley,  where  the  Director  explained  his  views  as  to  the 
limestone  (see  GeoL  Mag.,  Dec.  v,  vol.  iii,  p.  481).  Before 
inspecting  the  limestone  the  Director  pointed  out  the  shales  of 
the  DimorphograptuS'Zon^  of  the  Skelgill-beds,  faulted  against 
the  limestone,  and  from  these  shales  Mr.  L.  E.  Ridley  found 
(and  handed  to  the  Director)  a  very  beautiful  specimen  of 
Dimorphograpius,  From  Keisley  a  return  was  made  to  Appleby, 
some  of  the  party  driving,  others  walking  through  Flake  Bridge 
Wood. 

Thursday,  August  22ND. 

The  party  drove  to  the  Shap  Granite  Works,  vid  Morland. 
The  first  halt  was  made  at  the  road-metal  quarries  in  the  Andesitic 
series  by  the  high  road  on  the  north-east  side  of  the  granite. 
Here  excellent  specimens  of  the  metamorphosed  rocks  were 
obtained,  more  especially  of  the  altered  metalliferous  veins  which 
seam  the  andesitic  rocks.  Specimens  of  garnet,  actinolite,  epidote, 
and  pyrites  were  extracted  from  these  veins,  one  specially  fine 
specimen  found  by  Mr.  W.  H.  Barnes  being  handed  to  the  Director. 
The  party  walked  along  the  tramway  to  the  quarry,  seeing  on  the 
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way  a  junction  between  the  granite  and  the  rhyolitic  series,  and 
further  on,  mautonnee  surfaces  of  granite  showing  well-marked 
striae.  On  reaching  the  quarry,  the  granite  and  its  " inclusions  "  were 
examined.  It  was  pointed  out  that  many  of  the  "  inclusions " 
were  more  basic  than  the  granite  itself,  and  contained  corroded 
phenocrysts  of  the  felspar  typical  of  the  granite,  with  plagioclase 
borders.  The  resemblances  between  these  "  inclusions  "  and  the 
mica-trap  dykes  were  noted,  and  the  Director  explained  that  the 
relationship  between  these  was  the  reason  of  their  visit  to  Shap, 
which  was  necessary  in  order  that  they  might  understand  the 
significance  of  the  mica-traps  of  the  Appleby  tract.  From  here 
a  move  was  made  to  VVasdale  Head  Farm,  and  a  study  of 
metamorphism  of  the  Upper  and  Lower  Coniston  Limestones, 
and  of  the  intercalated  rhyolitic  flow  made.  The  party  returned 
to  Shap,  where  they  had  tea,  and  drov.e  back  to  Appleoy. 

Friday.  Aug.  23RJ>. 

The  members  took  train  for  Ravenstonedale,  where  they 
arrived  at  12.14.  From  the  station  the  Director  described  the 
general  features,  pointing  out  that  thfjy  were  in  a  horseshoe- 
shaped  valley  which  lay  in  a  geological  trough  between  the  dying- 
out  Lake  District  anticline  on  the  north  and  the  Howgill  Fell 
anticline  on  the  south.  He  explained  how  the  Lune  rose  on  the 
former  anticline  at  Shap  Summit,  and  cut  through  the  greater 
Howgill  anticline  to  the  south,  forming  the  gorge  between  Tebay 
and  Low  Gill,  and  that  the  river  rising  near  the  station  flowed 
into  the  Lune. 

Walking  by  Friar  Bottom  to  Colbeck,  the  case  of  capture  ot 
the  headwaters  of  this  portion  of  the  Lune  drainage  by  the 
tributary  of  the  Eden  which  has  cut  the  gorge  near  Smardale 
station  was  explained.  An  account  of  this  will  be  found  in  the 
paper  on  the  "  Geology  of  the  Appleby  District,"  written  by  the 
Director  {ante^p.  146).  From  Coldbeck  the  party  went  through  the 
village  of  Ravenstonedale  to  Stane  Gill,  where  they  saw  the  Z.  beds 
of  the  Lower  Carboniferous  rocks  and  extracted  fossils  therefrom, 
the  finest  specimen  being  presented  to  the  Director  by  Mr.  H. 
Vassall.  Returning  to  the  village,  they  had  tea  at  the  Black 
Swan,  then  made  their  way  to  Kirkby  Stephen  by  road  or  rail, 
and  visited  the  remarkable  pot-holes  worked  by  the  river  Eden 
in  the  well-jointed  Brockrams  of  Stenkrith  Bridge.  The 
party  returned  to  Appleby  at  7.3. 

After  dinner  the  President  (Mr.  R.  S.  Herries)  proposed  a 
vote  of  thanks  to  the  Director,  Mr.  E.  P.  Ridley  one  to  the 
Excursion  Secretary  (Mr.  A.  C.  Young),  and  Mr.  Potter  one  to 
the  President.  The  recipients  of  the  votes  replied.  It  was 
agreed,  on  the  suggestion  of  Mrs.  Ridley,  that  a  letter,  signed  by 
all  present,  should  be  sent  to  Mr.  Griffith,  who  had  been  present 
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throughout  the  excursion  until  that  rooming,  congratulating  him 
on  the  attainment  of  his  eightieth  birthday.  This  was  done,  and 
thus  ended  the  Long  Excursion  of  1907. 

Before  leaving  Appleby  most  of  the  party  visited  the  quarry 
in  the  Lower  Brockram  at  Burrells,  south-west  of  Appleby.  An 
animated  discussion  as  to  its  origin  took  place,  Mr.  R.  D.  Oldham 
and  Mr.  Brook-Fox  taking  an  active  part 

The  references  have  already  been  given  on  pages  147  and  148. 
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Saturday,  September  28th,  1907. 

Centenary  Celebration  of  the  Geological  Society  of 
London. 

Directors :  Mr.  H.  W.  Monckton,  Treasurer  of  the  Geological 

Society,  Mr.  O.  A.  Shrubsole,  F.G.S.,  and  Mr.  H.  J. 

Osborne  White,  F.G.S. 

Excursion  Secretary  of  the  Association  :  Mr.  A.  C.  Young, 
17,  Vicar's  Hill,  Lewisham,  S.E. 

(^Report  by  The  DIRECTORS.) 

This  excursion  was  held  in  connection  with  the  celebration  of 
the  Centenary  of  the  Geological  Society,  and  the  Fellows  of  the 
Society  and  their  Foreign,  Colonial,  and  British  guests  were 
invited  to  attend.  The  President  of  the  Association,  Mr.  R.  S. 
Herries,  with  a  party  of  about  fifty,  left  Paddington  Station  at 
9.50  a.m.,  and  reached  Reading  at  10.38. 

From  the  station  the  members  walked  to  the  Reading 
Museum.  The  first  room  contains  the  fine  collection  of  coins, 
metal  implements,  glass,  pottery,  etc.,  from  the  Roman  town  of 
Silchester,  which  is  situated  less  than  13  kilometres  a  little  west 
of  south  of  Reading.  After  a  brief  examination  of  these  remains 
the  members  passed  into  •  the  next  room,  where  the  President 
expressed  the  pleasure  with  which  he  welcomed  the  Fellows  of  the 
Geological  Society  and  their  guests,  and  asked  Mr.  Shrubsole  to 
say  a  few  words  about  the  Geological  Collection. 

Mr.  Shrubsole  said  that  although  the  collection  was  a  small  one, 
an  endeavour  had  been  made  to  illustrate  the  geology  of  the  country 
around  Reading,  and  he  directed  the  attention  of  those  present 
more  particularly  to  the  numerous  relics  of  the  Stone  Age  which 
had  been  obtained  from  the  Valley  of  the  River  Thames  in  the 
vicinity  of  that  town. 
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For  the  sake  of  comparison  a  series  of  implements  from  other 
localities,  including  fine  specimens  from  Egypt  and  India,  were 
exhibited.  He  remarked  that  Egypt  seemed  to  have  led  the  way 
even  in  Palaeolithic  times. 

The  long  duration  of  the  Palaeolithic  stage  was  shown  by  the 
occurrence  of  implements  in  stratified  gravel  at  various  levels, 
proving  that  man  had  occupied  the  Thames  Valley  during  a 
period  in  which  the  bed  of  the  river  had  been  excavated  more 
than  thirty-five  metres.  He  exhibited  an  implement  which  ap- 
peared to  have  been  remade  from  a  broken  one  of  a  much  older 
date. 

A  small  collection  of  the  rude  forms  termed  Eoliths  was  also 
shown.  They  had  been  obtained,  for  the  most  part,  from  Plateau 
Gravels  some  1 20  metres  above  sea-level,  and  situated  to  the  east 
of  Reading. 

Fossils  illustrating  the  Eocene  sections  to  be  visited  during 
the  day  were  distributed  among  the  visitors. 

On  leaving  the  Museum  the  members  walked  to  the  brick- 
fields on  the  eastern  bank  of  the  River  Kennet,  in  the  southern 
suburbs  of  Reading.  The  working  known  as  the  Waterloo 
Brickfield  was  first  visited,  and  on  arrival  there  Mr.  Monckton 
gave  a  short  account  of  the  geological  succession  in  the  district. 

The  following  is  a  summary  of  the  series,  the  beds  being 
given  in  descending  order: 

London  Clay  (^Ypresian),  which,  with  a  capping  of  Gravel,  forms  the  top 

of  the  hill,  but  is  not  shown  in  the  section. 
Basement-bed  of  the  London  Clay.    3.6  metres  thick.    Ditrupa  plana^ 

Pectunculus  (^Axiruta)  brevirostris^  etc. 
Reading  Beds.     {Upptr  Landtnian)  : 

i.    Variously-coloured    mottled    Plastic  Clays.      Thickness  about 

13  metres, 
ii.     Sand   with   irregular   layers  of    grey  clay.      Thickness    about 
6  metres.    This  is   the   Reading   Plant   Bed   (compare    the 
Geiinden  Bids)  and  is  very  well  shown, 
iii.     The   Dottom-beds    of  the    Keading    Series,    with    Ostrea    htUo- 
vadna^  not  now  exposed  here. 
Chalk   {Senonian),  not  seen   but  about   5  metres  below  the   floor   of  the 
working. 

The  junction  of  the  Eocene  Beds  and  the  Chalk  was  not  to 
be  seen,  but  Mr.  Monckton  said  that  he  had  often  had  oppor- 
tunities of  examining  it.  He  believed  the  top  of  the  Chalk  to  be 
a  sea-eroded  surface.  It  was  often  marked  w4th  small  perforations, 
possibly  due  to  boring  molluscs,  or  to  the  roots  of  seaweed,  or  to 
both. 

In  the  clayey  bed  resting  upon  the  Chalk  there  were  many 
flints,  green  externally  and  not  water-worn.  Similar  stones, 
which  have  been  termed  "  green-coated  flints,"  are  found  in  a  like 
position  elsewhere,  and  it  has  been  suggested  that  they  may  be 
due  to  the  underground  decay  of  the  Chalk.     The  question  is 
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discussed  by  Mr.  W.  Whitaker  in  his  "Geology  of  London" 
{^Mem,  GeoL  Survey^  1889,  vol.  i,  p.  104).  Mr.  Monckton 
remarked  that,  whether  or  no  this  explanation  applied  elsewhere, 
it  was  not  applicable  here,  for  the  subterranean  decomposition  of 
the  eroded  and  bored  surface  of  the  Chalk  had  not  been  sufficient 
to  produce  the  result.  He  looked  upon  the  green  coated  flints 
as  the  relics  from  the  Chalk  which  had  been  destroyed  before  the 
deposition  of  the  Eocene  Beds. 

These  green-coated  flints  are,  he  thought,  the  local  representa- 
tive of  the  strata  elsewhere  laid  down  during  the  vast  interval 
which  elapsed  between  the  deposition  of  the  Chalk  and  the 
formation  of  the  bottom-bed  of  the  Reading  Series.  Both  the  top 
of  the  Cretaceous  and  the  bottom  of  the  Eocene  are  absent  here. 

There  is  no  certain  representative  of  the  Danian  in  England, 
nor  anything  corresponding  to  the  Montian  of  Belgium.  The 
Thanet  Sand,  a  marine  formation  of  some  importance  on  the  east 
of  London,  thins  out  towards  the  west,  and  comes  to  an  end 
somewhere  between  Richmond  and  Winkfield,  probably  about 
thirty-two  kilometres  to  the  east  of  Reading. 

Resting  upon  the  Chalk  we  find  a  dark-coloured  clay  inter- 
stratified  with  green  sand,  and  from  two  to  three  metres  thick. 
It  usually  contains  one,  sometimes  two,  layers  of  oyster  shells 
belonging  for  the  most  part  to  Ostrea  bellovacina  and  O,  grypho- 
vicina.  The  oysters  clearly  lived  on  the  spot,  since  their  valves 
are  often  united  and  closed.  Sharks'  teeth  occur,  and  a  few 
marine  shells  have  been  found.  The  "  green-coated  flints  "  are 
in  the  lowest  layer  of  this  bed.  (See  Proc,  Geol.  Assoc,  vol.  xv, 
P-  305*  and  Blake  and  Monckton's  "  Geology  of  Reading,"  Afem. 
GeoL  Survey y  1903,  p.  27.) 

Above  the  Oyster-bed  we  find  six  or  more  metres  of  sand 
with  irregular  patches  and  layers  of  clay.  There  are  no  marine 
remains  and  we  seem  to  have  entered  upon  a  freshwater 
series. 

Leaves  and  other  plant  remains  abound  in  some  of  the  lower 
layers  of  clay. 

A  note  on  these  leaves,  by  Mr.  E.  T.  Newton,  will  be  found 
on  page  40  of  the  "  Memoir  on  the  Geology  of  Reading,"  by 
Messrs.  Blake  and  Monckton.  Figures  of  Ara/ia{?)  {c/i  A, 
iaoziana),  Anemia  subcreiacea,  and  Laurus  (^)  are  given. 

This  leaf- bed  has  also  been  dealt  with  by  Mr.  Starkie 
Gardner,  and  a  fine  specimen  of  Taxodium  europaum  is  figured 
by  him  in  the  "  Monograph  of  the  British  Eocene  Flora " 
(Palaeontographical  Society,  vol.  i,  pp.  9,  56,  73 ;  vol.  ii,  pp.  i, 
3,  4,  92,  and  Plate  xxiv). 

Mr.  Monckton  said  that  he  had  seen  the  leaf-bed  exposed  at 
several  places  in  and  near  the  Waterloo  Kiln  workings,  and 
the  annexed  drawing  (Fig.  24)  is  made  from  a  photograph  which 
he  took  in  1902. 
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The  section  was  in  a  small  pit  connected  with  the  Waterloo 
workings  and  near  the  River  Kennet.  The  height  shown  is 
about  two  metres;  the  upper  part  is  sandy,  but  layers  of 
clay  occur  and  become  more  and  more  numerous  downwards, 
showing  current- bedding  in  places.  It  is  in  these  layers  of  clay 
that  the  leaves  are  found.  Below  the  leaf  bed  a  current-bedded 
sand  was  seen  to  a  depth  of  over  a  metre,  but  it  is  not  shown 
in  the  drawing. 

On  the  present  occasion  the  leaf-bed  was  exposed  at  the 
south-west  corner  of  the  workings  in  th&  Waterloo  Pit,  and 
Messrs.  Collier  and  Son,  Limited,  had  kindly  caused  the  face  of 
the  section  to  be  cleared  for  the  benefit  of  the  party. 

The  leaves  were  not  very  easy  to  find — in  fact,  a  vertical  face 


Fig.  24.— Section  in  the  Reading  Beds  at  the  Waterloo  Kiln, 
Reading,  1902—^.  W,  Monckton. 

is  not  suitable  for  their  collection — but  sufficient  were  obtained 
to  show  the  nature  of  the  deposit. 

The  leaf-bed  was  seen  to  be  overlain  by  a  thick  bed,  or  series 
of  beds,  of  clay  of  various  colours — the  *'  Mottled  Clay  '*  of  this 
part  of  England.  It  is  about  13  metres  thick  at  this  locality,  and 
forms  the  upper  half  of  the  section,  the  top  not  being  shown  in 
the  pit.  An  analysis  of  a  specimen  of  the  clay  obtained  in 
this  pit,  will  be  found  on  page  36  of  the  "  Memoir  on  the 
Geology  of  Reading." 

No  fossils  have  been  discovered  in  the  Mottled  Clay,  and  it  is 
probably  of  freshwater  origin. 

The  Estuarine  Woolwich  Series,  of  the  London  District, 
vanishes  as  we  go  westwards,  and  the  most  westerly  place 
at  which  Mr.  Monckton  had  seen  it  was  Guildford,  37  kilometres 
south-east  of  Reading. 

The  bed  resting  upon  the  Mottled  Clay  at  Reading  is  of 
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marine  origin,  and  was  termed  by  Prestwich  "The  Basement 
Bed  of  the  London  Clay."  {Quart  Journ,  GeoL  Soc.^  1854, 
vol.  vi,  p.  252.) 

The  members  of  the  party  were  able  to  examine  this  bed  in 
the  old  workings  of  the  Katesgrove  Pit,  a  little  to  the  north  of 
the  Waterloo  Pit.  Owing  to  the  fact  that  the  pit  is  disused,  the 
section  was  not  in  a  good  state  for  collecting,  but  the  layers 
of  shells  were  clearly  seen.  Ditrupa  plana^  Cytherea  tenuistriata^ 
Peciunculus  {Aximea)  brevirostris^  are  very  abundant  here.  A 
full  list  of  the  fossils  obtained  from  this  bed  will  be  found  in  the 
**  Memoir  on  the  Geology  of  Reading,"  p.  50. 

The  Basement  Bed  is  about  three  metres  thick,  and  passes 
upwards  into  the  more  purely  argillaceous  beds,  of  which  the 
important  London  Clay  formation  mainly  consists.  Mr.  Monck- 
ton  remarked  that  some  years  ago  the  junction  was  very  well 
shown  in  a  section  in  this  brickfield  at  right  angles  to  the  existing 
face,  and  a  little  north  of  the  spot  where  the  party  inspected  the 
shell-bed.  The  following  is  from  his  note  book  of  September,  1881 . 


Fig. 


35. — Sbction  in  the  Katksgrove  Brickfield,  Reading.—/^.  ^V^ 
Monckton, 


1.  London  Clay 

2.  Basement  Bed  of  the 

London  Clay. 


(     III. 


Dark  brown  and  yellow  clay  passing  down 
into — 

Brown  sandy  clay  with  a  layer  of  shells. 
Layer  of  nodules. 
Sandy  grey  laminated  clay. 

3.  Reading  Beds Mottled  red  and  yellow  clays. 

N.B.  —The  shell-bed  was  1.67  metres  above  the  mottled  clay  of  the  Read- 
ing Beds. 

There  are  generally  a  few  flint  pebbles  in  the  Basement  Bed 
of  the  London  Clay. 

From  Katesgrove  the  party  returned  to  Reading  and  partook 
of  luncheon  at  the  Hotel  Mcllroy,  in  Cheapside;  after  which 
they  travelled  by  tramcar  to  Caversham  Bridge,  and  crossed  the 
River  Thames  into  Oxfordshire. 

At  Caversham  the  party  was  joined  by  some  members  who 
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had  come  from  London  by  a  mid-day  train.  The  large  chalk-pit 
close  to  St.  Peter's  Church,  Caversham,  was  first  visited.  The 
section  shows  some  2 1  metres  of  rather  soft  white  chalk,  contain- 
ing numerous  courses  of  nodular  flint  and  a  few  layers  of  the 
tabular  variety. 

Mr.  Monckton  made  some  observations  on  the  Chalk  of  the 
district,  and  mentioned  that  a  well  at  Winkfield,  about  20  kilo- 
metres to  the  east  of  Reading,  had  passed  through  the  whole 
Chalk  formation. 

The  thickness  was  found  to  be  : 

Upper  Chalk         102.7  metres. 

Middle  Chalk        51. S        „ 

Lower  Chalk         66.7        „ 


220.9 


Mr.  Osborne  White  then  briefly  reviewed  the  lithological  and 
zonal  features  of  the  section  under  notice.  He  reminded  the 
members  that  Prof.  Barrois,  whom  some  of  them  had  been  fortunate 
enough  to  meet  in  London  earlier  that  week,  had  described  this 
chalk  in  his  well-known  "Recherches  sur  le  Terrain  Cr^tace 
sup^rieur  de  I'Angleterre  et  de  I'lrlande"  (1876,  pp.  148,  149). 

Prof.  Barrois  referred  the  Caversham  Chalk,  or  "  crate  de 
Reading^''  to  his  "  zone  h  Marsupites^^  but  at  the  time  he  wrote 
many  of  the  data  required  for  the  establishment  of  a  satisfactory 
zonal  classification  of  the  beds  of  the  English  Chalk  were  want- 
ing, and  it  had  remained  for  Dr.  Rowe,  nearly  a  quarter  of  a 
century  later,  to  demonstrate  the  nature  and  vertical  range  of  the 
small  special  fauna  associated  with  the  Crinoid  Marsupites 
tesiudinarius  in  the  southern  part  of  this  country.  This  fauna 
was  absent  from  the  Caversham  Chalk,  which  clearly  belonged  to 
the  upper  (but  not  to  the  highest)  part  of  the  zone  of  Micraster 
cor-anguinum  of  recent  English  authorities,  and  was  probably 
referable  to  the  zone  of  Mortoniceras  iexanum  of  M.  de  Gross- 
ouvre's  scheme. 

Mr.  T.  H.  Withers  then  exhibited  a  selection  of  the  fossils 
lately  obtained  by  Mr.  C.  P.  Chatwin  and  himself  at  this  place. 

The  forms  shown  included  Conuius  albogaierus,  Epiaster 
gtbbuSj  and  Micraster  cor-anguinum.  Time  did  not  permit  of  a 
close  examination  of  the  section,  and  among  the  few  fossils 
collected  by  the  members,  and  shown  to  Mr.  White,  there  were 
none  of  particular  interest. 

Leaving  the  chalk-pit,  the  party  walked  up  St.  Peter's  Avenue 
to  the  top  of  the  gravel-capped  plateau  on  which  Toot's  Farm 
stands.  This  farm  is  marked  on  the  Geological  Map  and  its 
name  has  become  well  known  on  account  of  the  large  number  of 
Palaeolithic  implements  found  there.  The  level  of  the  plateau  at 
the  farm  is  71  metres  above  the  sea,  and  34  metres  above 
the   River  Thames   at   Reading.      The  ground  around   Toot's 


EXCURSION   TO   READING    (BERKSHIRE).  207 

Farm  is  being  rapidly  built  over,  and  the  pit  from  which  so  many 
implements  were  obtained  no  longer  exists,  but  two  other  pits  on 
the  plateau  were  visited,  from  both  of  which  implements  have 
been  obtained. 

The  first  of  these  pits  is  situated  a  little  to  the  east  of  Gravel 
Hill  Cottages.  The  section  showed  about  three  metres  of 
gravel,  tolerably  well  stratified.  A  seam  of  small  chalk-pebbles 
was  noticed  low  down  in  the  gravel.  Mr.  Monckton  drew 
attention  to  the  abundance  of  pebbles  of  variously-coloured 
quartzite  which,  he  said,  had  in  all  probability  been  derived  from 
the  Triassic  pebble  beds  of  the  Birmingham  District.  That 
district  is  now  in  the  drainage  area  of  the  River  Severn,  but  he 
thought  that  the  Severn  had  captured  much  of  the  Thames 
drainage  area  since  the  time  of  the  deposition  of  the  gravels  of 
the  Caversham  Plateau. 

A  block  of  igneous  rock  was  seen  in  the  pit,  and  it  seemed  to 
be  very  similar  to  the  boulder  which  he  had  found  in  the  gravel 
at  the  Hockett,  near  Bisham.* 

Some  flakes  and  small  implements  were  found  by  members  of 
the  party  in  this  pit. 

The  second  gravel-pit  visited  is  in  Kidmore  Road,  some 
distance  to  the  north  of  Toot's  Farm,  and  rather  more  than  a 
kilometre  distant  from  the  River  Thames.  A  section  of  gravel 
about  four  metres  deep  was  exposed,  and  signs  of  the  uneven 
Chalk  floor  upon  which  the  gravel  rests  could  be  seen. 

Mr.  Shrubsole  said  that,  judging  from  casual  openings,  flint 
implements  were  pretty  generally  scattered  in  the  gravel,  and 
occurred  in  fair  abundance  to  a  distance  of  about  a  kilometre 
and  a  half  from  the  River  Thames,  and  up  to  the  level  of  the 
present  gravel-pit,  about  seventy-six  metres  above  the  sea.  At 
higher  levels  implements  were  rare.  It  was,  he  said,  interesting 
to  note  that  in  certain  of  the  gravels  near  Reading  at  lower 
levels,  say  from  forty-two  to  forty-four  metres  above  the  sea, 
implements  were  not  found.  As  to  the  implements  themselves, 
he  remarked  that  the  later  specimens  not  infrequently  show 
greater  rudeness  of  execution  than  the  earlier  ones. 

Flakes  and  worked  flints  were  found  by  members  of  the 
party,  and  Mr.  Shrubsole  distributed  amongst  them  some 
specimens  of  implements  which  he  had  obtained  at  the  locality 
on  previous  occasions. 

From  the  Kidmore  Road  pit  the  party  returned  to  Reading 
through  Caversham.  Mr.  Osborne  White  drew  attention  to  a 
small  cutting  which  showed  from  two  to  three  metres  of 
interbedded  gravel  and  brick-earth,  lying  on  the  steep  side  of  the 
valley  at  a  height  of  some  eighteen  metres  above  the  River 
Thames.  A  worked  flint  was  found  in  sitH  here  by  one  of  the 
party. 

•  Quatt.Jourfi,  Geol,  Soc,  1893,  vol,  xlix.  p.  314. 
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Tea  was  obtained  at  the  Hotel  Mcllroy,  after  which  M. 
Gustave  F.  Dollfus,  of  the  Geological  Survey  of  France,  speaking 
in  the  name  of  the  foreign  geologists  present,  offered  his  best 
thanks  for  the  cordial  reception  given  them  by  the  Geologists' 
Association.  He  was  glad  to  have  made  the  personal 
acquaintance  of  the  strata  and  quarries  of  the  neighbourhood  of 
Reading.  These  terrains  were  very  similar  to  those  exposed  in 
the  environs  of  Paris.  He  addressed  a  very  warm  invitation  to 
the  members  of  the  Geologists'  Association  to  come  to  Paris  and 
make  a  similar  excursion.  In  the  course  of  a  week  he  would  be 
able  to  show  to  the  members  a  very  fine  succession  of  all  the 
strata  of  the  Paris  basin,  with  varied  rocks  and  full  of  fossils. 
He  offered  his  best  thanks  to  the  Directors  of  the  Excursion, 
Messrs.  Monckton,  Shrubsole,  and  Osborne  White,  who  were  so 
well  acquainted  with  the  geology  of  the  district,  and  had  taken  so 
much  trouble  to  make  the  Excursion  a  success. 

The  President  (Mr.  R.  S.  Herries),  in  reply,  said  that  it  had 
given  the  members  of  the  Association  the  greatest  pleasure  to 
welcome  on  that  occasion  so  many  of  the  distinguished  foreign 
geologists  who  had  come  to  England  to  join  in  celebrating  the 
centenary  of  the  Geological  Society.  This  excursion  was  quite  of 
a  cosmopolitan  character,  seeing  that  they  had  with  them 
representatives  of  France,  Germany,  Holland,  Belgium,  Denmark 
and  Norway.  He  was  glad  to  hear  that  they  were  pleased  with 
what  they  had  seen,  and  he  particularly  wished  to  thank 
M.  Dollfus,  in  the  name  of  the  Association,  for  the  kind 
invitation  he  had  given  them  to  visit  the  Paris  Basin,  which  he 
would  not  fail  to  communicate  to  the  Excursion  Committee. 
He  cordially  seconded  the  vote  of  thanks  to  the  Directors,  on 
behalf  of  whom  Mr.  Monckton  briefly  replied. 
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INTRODUCTION. 


LONG  before  the  scattered  facts  and  generalisations  of  a 
nascent  science  had  assumed  concrete  form  and  crystal- 
lised into  the  rational  science  of  modem  geology,  the  Isle  of 
VVight  was  famous  among  amateurs  of  the  curious  for  its  strangely 
disturbed  rocks  and  for  the  beauty  and  abundance  of  its  fossils. 
It  has  ever  been  the  paradise  of  the  mere  collector,  and  in  later 
days  has  become  a  Mecca  to  which  most  English  geologists,  and 
not  a  few  of  their  continental  brethren,  have  been  impelled  to 
make  at  least  one  pilgrimage ;  and  few  there  are  who  once  having 
enjoyed  its  scenes  of  beauty  and  scientific  interest  can  deny  them- 
selves the  satisfaction  of  a  second  visit.  Nor  is  the  reason  for  this 
fascination  far  to  seek,  for  compressed  within  this  little  island, 
measuring  but  twenty-two  and  a-half  miles  in  one  direction  and 
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thirteen  in  the  other,  is  much  that  is  best  in  English  Cretaceous 
and  Tertiary  geology.  The  luxuriant  underclifF,  the  mighty  cliff 
of  the  Culver  with  its  uptilted  strata,  the  noble  vault  of  the  Grand 
Arch,  the  rugged  promontory  of  the  Needles,  and  the  many-tinted 
sands  of  Alum  Bay,  all  long  since  immortalised  in  pen  and  pencil 
by  Englefield  and  Webster,  are  enough  to  make  the  scenic  reputa- 
tion of  a  mainland,  much  more  that  of  a  tiny  island  such  as  this. 

The  Isle  of  Wight  exhibits  two  ranges  of  hills — the  Chalk 
Ridge,  extending  from  the  Needles  to  the  Culver,  and  the 
Southern  Mass,  capped  by  outliers  of  the  lower  beds  of  the 
Chalk.  We  may  at  once  say  that  we  have  no  concern  with  the 
latter,  and  have  not  examined  them  to  see  if  there  be  any 
remnant  of  the  basal  beds  of  the  White  Chalk.  The  one  thing 
which  catches  the  eye  in  search  of  "  features  "  is  the  characteristic 
angular  scarp  of  the  Greensand  in  the  Southern  Mass,  forming  as 
it  does  so  graphic  a  contrast  to  the  rounded  contours  of  the 
Chalk  Downs.  The  Chalk  which  we  shall  examine  is,  therefore, 
limited  to  the  Chalk  Ridge,  the  cliff  sections  of  Alum  Bay, 
Scratcheirs  Bay,  Watcombe  Bay,  Freshwater  Bay,  and  Compton 
Bay  on  the  west,  together  with  those  of  Whitecliff  Bay,  Culver 
Cliff,  and  Sandown  Bay  on  the  east. 

The  point  which  is  material  when  working  in  the  field  is" that, 
as  we  approach  the  southern  edge  of  the  Chalk  Ridge,  the 
horizontal  strata  give  place  to  those  which  are  gently  inclined, 
and  that  the  farther  we  pass  to  the  north  the  greater  is  the 
inclination  of  the  beds,  till  when  we  reach  the  highest  beds  of  the 
White  Chalk,  at  the  junction  with  the  Eocene,  the  strata  are 
almost  vertical.  And  so  we  find  that  throughout  the  Chalk  Ridge 
the  angle  of  inclination  is  always  least  on  the  southern  side  and 
greatest  on  the  northern  side,  thus  accounting  for  the  fact  that 
the  higher  beds  of  the  Chalk,  usually  so  soft  and  easily  worked, 
are  if  possible  harder  and  more  disturbed  than  the  basal  beds, 
which  are  normally  hard  and  intractable.  As  a  broad  generalisa- 
tion these  statements  will  be  found  to  apply  universally  through- 
out the  Island,  but  those  who  examine  the  whole  of  the  White 
Chalk  here  will  find  that  the  stress  of  upheaval,  and  consequent 
compression,  has  operated  unevenly  at  certain  points,  thus 
affording  local  areas  which  are  relatively  soft.  The  most 
notable  example  of  this  is  seen  at  Alum  Bay,  at  the  junction  of 
the  Chalk  with  the  Eocene,  where  the  mucrona fa-chalk  is  so  soft 
that  it  can  be  worked  with  a  knife. 

The  flints,  as  on  the  Dorset  coast,  are  often  shattered,  but 
they  are  never  so  comminuted  as  in  the  latter  district,  where  they 
are  often  reduced  to  powder,  and  drawn  out  in  a  long  line  like 
a  streak  of  coal  dust.  And  just  as  the  hardness  of  the  Chalk 
varies  within  the  limits  of  the  same  zone,  so  does  the  shattering 
of  the  flints  vary,  for  there  are  not  a  few  sections  where  the 
flints  are  quite  free  from  fracture. 
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A  glance  at  the  map  (Plate  C.)  will  show  that  the  Chalk 
Ridge  broadens  out  in  the  centre  to  form  what  we  describe  as 
the  Central  Mass,  and  the  reason  for  this  marked  alteration  in 
the  configuration  of  the  Down  is  that  there  the  lower  beds  of  the 
White  Chalk  are  both  somewhat  bent  and  inclined  at  lower  angles 
than  in  the  eastern  and  western  limbs,  thus  causing  the  strata  to 
spread  out  fan-wise,  instead  of  being  compressed  within  the  narrow 
limits  of  the  more  vertical  areas.  In  the  eastern  and  western  limbs 
of  the  Chalk  Ridge  the  measurement  across  the  Down  is  often  no 
more  than  one-third  of  a  mile,  that  at  Afton  Down  being  reduced 
to  one-fourth,  whereas  the  Central  Mass  is  over  three  miles  in 
width. 

Stand  on  one  of  the  narrower  parts  of  the  Chalk  Ridge,  as  at 
Shalcombe  Down,  north  of  Brook,  and  gaze  east  and  west. 
Ranging  on  either  side  are  the  noble  outlines  of  the  Downs, 
stretching  as  far  as  the  eye  can  see  as  rolling,  billowy  masses, 
such  as  the  Chalk  alone  can  produce.  The  short,  springy  turf — 
the  finest  surface  to  walk  on  in  England — is  almost  their  only 
adornment,  save  for  dwarfed  trees  of  thorn  and  spindle,  and  the 
stretches  of  gorse  aglow  with  their  springtide  glory.  Here  and 
therC;  in  the  hollows  of  the  lower  flanks  of  the  Downs,  are 
patches  of  forest  trees,  the  ranker  growth  of  weed  and  shrub 
telling  of  a  thicker  soil  due  to  downwash  from  above. 

Turn  to  the  south  and  look  Channel-wards  over  the  hamlet 
of  Brook.  Some  little  distance  away  from  the  foot  of  the  Down 
we  see  a  ridge  thrown  up  in  the  fields — not  rounded  like  that  of 
the  Chalk,  but  angular.  This  marks  the  Chert-beds  of  the  Upper 
Greensand.  Beyond  this  we  have  a  gently  undulating  and  almost 
treeless  surface,  made  up  of  the  sandy  loams  of  the  Lower  Green- 
sand  and  the  stifTer  clays  of  the  Wealden.  See  this  on  a  sunny 
day  in  springtime,  when  the  bright  green  blades  are  pushing  up 
through  the  rich,  brown-red  loam  of  the  Greensand,  and  we 
obtain  a  colour-scheme  which  is  not  only  a  delight  to  the  eye, 
but  eloquent  of  a  bounteous  Nature  and  good  husbandry. 
Speaking  of  the  Chert-beds,  there  is  one  ridge  on  which  we  walk 
on  our  way  from  Shorwell  to  Brighstone  Down,  running  parallel 
with  the  Down  for  one-fourth  of  a  mile  as  straight  as  the  roof- 
ridge  of  a  house.  This  is  the  best  landscape  feature  thrown  up 
by  a  hard  bed  which  we  have  seen  within  the  Chalk  area  of  the 
Island.  In  the  broader  parts  of  the  Chalk  Ridge,  on  the  south- 
ern side  of  the  Downs  where  the  beds  are  more  horizontal,  the 
harder  beds  of  the  Greensand  form  elevations  which  are  nearly 
always  crowned  by  characteristic  clumps  of  conifers. 

Turn  now  to  the  north,  and  we  see  a  complete  contrast  The 
line  made  by  the  Chalk  and  Eocene  junction  is  instant  and 
abrupt,  by  reason  of  the  Mucronafa-beds  being  practically  vertical, 
so  that  right  away  from  the  foot  of  the  Down  the  rich  clayey 
loams  of  the  Tertiaries  stretch  towards  the  silvery  streak  of  the 
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Solent — a  fair  prospect  of  noble  forest  trees  and  goodly  culti- 
vation. 

One  more  view  will  suffice.  Stand  on  the  chalk  cliff  over- 
looking Alum  Bay  on  a  sunny  day  and  watch  the  great  cliff  of 
Ballard  Head  flashing  back  in  brilliant  whiteness.  It  does  not 
need  much  imagination  to  bridge  that  narrow  arm  of  sea  and  join 
the  Island  Chalk  to  that  of  Dorset 

This  paper  is,  like  the  others  of  this  series,  so  entirely 
zoological  in  its  scope  that  no  place  is  found  therein  for  a  study  of 
the  interesting  tectonics  of  the  Island.  Indeed,  these  have  been 
handled  in  so  lucid  a  manner  by  Mr.  Strahan  in  the  Memoir  of 
the  Geological  Survey^  entitled  "The  Geology  of  the  Isle  of 
Wight"  (2nd  Edition,  1889),  that  there  is  no  need  to  traverse  old 
ground.  We  recommend  all  those  who  are  working  at  the  Chalk 
in  the  Island  to  read  the  section  devoted  to  the  angular  flint 
gravels  in  Chapter  xiii,  the  description  of  disturbances  and  faults 
in  Chapter  xiv,  and  the  summary  of  the  physical  geography  in 
Chapter  xvi. 

We  have  felt  that,  in  the  case  of  the  Isle  of  Wight,  to  have 
kept  strictly  to  the  title  of  our  work  and  confined  our  observations 
to  the  coast  would  have  been  a  mistake.  The  consideration  of 
the  Chalk  Ridge  with  its  108  quarries  and  sections  has  of  necessity 
occupied  much  space,  but  it  was  work  which  had  to  be  done  by 
someone,  and  its  inclusion  makes  the  survey  of  the  White  Chalk 
of  the  Island  to  some  extent  complete.  The  examination  of  the 
whole  area  occupied  nine  weeks,  but  the  essential  parts  of  it  can 
be  studied  in  comfort  in  as  many  days ;  indeed,  the  chief  sections 
can  be  traversed  in  six  days,  if  too  much  time  be  not  spent  in 
collecting.  For  the  sake  of  those  whose  time  is  limited  we  give 
the  accompanying  scheme : 

1.  Compton  Bay  and  Pit  No.  13,  Shalcombe  Down. 

2.  Freshwater  Bay,  including  Pits  Nos.  I  and  2,  Watcombe  Bay,  and  Alum 

Bay. 

3.  Scratcheirs  Bay  (access  by  boat  only). 

4.  The  east  side  of  Culver  Cliff,  and  Pit  No.  37  Blading  Down,  No.  27 

Mersley  Down,  and  Nos.  20  and  2 1  Arreton  Down. 

5.  The  west  side  of  Culver  Cliff. 

6.  Pits  Nos.  104,  49,  and  5 1  Mount  Joy,  and  No.  77  Brighstone  Down. 

Though  the  lists  of  fossils  which  we  have  obtained  from  the 
several  zones  are  fairly  good,  it  is  only  right  to  say  that  they  are 
notably  weak  in  forms  adnate  to  echinids  and  the  larger  testacea. 
The  intensely  hard  and  adherent  nature  of  the  matrix  renders  any 
search  for  these  forms  almost  hopeless.  The  few  which  we  found 
owe  their  detection  to  weathering  alone. 

Another  point  worthy  of  comment  is  that  in  many  of  the 
quarries,  especially  those  on  the  south  side  of  the  Downs,  the 
fossils  need  to  be  soaked  in  fresh  water  to  remove  the  chlorides  of 
sodium  and  magnesium  almost  as  much  as  those  on  the  coast. 
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We  found  that,  after  a  lapse  of  some  months,  the  fossils  from  such 
sections  as  Arreton  Down  and  Brading  Down  were  almost 
destroyed  by  efflorescence  of  these  salts,  some  of  them,  indeed, 
having  broken  down  into  a  heap  of  fine  powder.  The  explana- 
tion is  that  the  drift  of  spray  from  southerly  gales  is  so  strong 
that  the  chalk  is  completely  impregnated  with  salt. 

The  literature  dealing  with  the  Chalk  of  the  Isle  of  Wight  is 
of  considerable  volume,  but  we  find  it  necessary  to  quote  from 
four  works  alone,  covering  the  period  from  1865  to  1904,  and  of 
these  one — that  by  Mr.  Whitaker — is  frankly  pre-zonal.  Those 
who  are  interested  in  coast-erosion  will  find  much  to  interest  and 
admire  in  Sir  Henry  Englefield's  sumptuous  quarto  (18 16)  entitled, 
"  A  description  of  the  principal  picturesque  beauties,  antiquities, 
and  geological  phenomena  of  the  Isle  of  Wight,  with  additional 
observations  on  the  strata  of  the  island,  and  their  continuation  in 
the  adjacent  parts  of  Dorsetshire,  by  Thomas  Webster."  A 
comparison  of  the  splendid  drawings  of  the  chief  coast  sections  in 
the  island  gives  one  a  retrospect  of  nearly  100  years. 

The  works  of  reference  necessary  to  consult  are  as  follows : 

1865.    Whitakbr,  William.— •«  On  the  Chalk  of  the    Isle  of  Wight/* 

Quart,  Journ.  GeoL  Soc,^  vol.  xxi,  p.  400. 
1875.    Barrois,  Charles. — "  Description  G^ologique  de  la  Craie  de  Tlsle 

de  Wight."     Ann.  Set.  GeoL,  ser.  4,  t.  vi,  livr.  2,  p.  30,  Lille,  and 
'  Bibl.  EcoU  Hautes  Etudes^  xiii,  187s  (a  reprint  of  which  we  will 

quote). 
1889.    Bristow,  Henry    W.— "The    Geology    of   the    Isle    of   Wight." 

Second  edition,   revised  and   enlarged,   by   Clement    Reid  and 

Aubrey  Strahan.     Mem.  GeoL  Survey, 

1903.  Jukes- Browne,  A.  J.—"  The  Cretaceous  Rocks  of  Britain,"  vol.  ii ; 

"The  Lower  and  Middle  Chalk  of  England,"  Mem.  GeoL  Survey. 

1904.  Jukes-Browne,  A.  J. — "The  Cretaceous  Rocks  of  Britain,"  vol.  iii ; 

**  The  Upper  Chalk  of  England,"  Mem.  GeoL  Surrey. 

Mr.  Whitaker's  contribution,  though  confessedly  non-zonal,  is 
of  much  interest  in  that  he  therein  describes  the  "spurious 
Chalk  Rock"  which  forms  so  important  a  lithological  feature 
near  the  top  of  the  zone  of  Terebratulina  gracilis. 

The  publication  of  Dr.  Barrois*  work  immediately  produced  a 
profound  sensation,  for  at  one  blow  it  swept  away  the  ancient  and 
fallacious  r^ime  of  a  "  Chalk  with  flints  "  and  a  "  Chalk  without 
flints  " — a  scheme  whose  only  claim  to  acceptance  was  its  apparent 
simplicity,  but  one  which  could  not  stand  the  test  of  extended 
investigation.  This  treatise  was  the  forerunner  of  that  magni- 
ficent classic,  the  "  Recherches  sur  le  Terrain  Cr^tac^  Sup^rieur 
de  I'Angleterre  et  de  I'lrlande,"  published  a  year  later— a  work 
which  not  only  revolutionised  English  Chalk  Geology,  but  had 
an  equally  far-reaching  effect  on  the  study  of  other  formations. 
Dr.  Barrois'  conception  was  philosophical,  it  was  simple,  and 
it  was  true.  Since  that  date  other  writers  have  sub-divided  the 
higher  beds  into  three  zones,  a  division  which  we  have  reason  to 
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believe  entirely  meets  with  Dr.  Barrois*  approval ;  but  the  main 
scheme  of  the  work  remains  intact,  and  stands  to-day  as  it  stood 
then,  a  work  of  genius  unapproached  and  unapproachable.  This 
survey  of  necessity  had  its  limitations,  as  it  was  made  at  high 
speed  and  insufficient  time  was  afforded  to  examine  every  section 
completely.  When  one  looks  back  for  30  years  and  remembers 
the  number  of  zonal  facts  which  have  accumulated  since  that 
date,  one  is  the  more  profoundly  impressed  with  the  fulness  of 
knowledge  and  accuracy  displayed  in  this  pioneer  work  on 
the  Chalk  of  the  Isle  of  Wight  All  that  we  have  been  able  to  do 
in  addition,  with  abundant  time  (nine  weeks)  at  our  disposal, 
is  to  define  the  three  highest  zones  and  fill  in  certain  gaps  in  the 
story. 

We  have  already  mentioned  the  value  of  Mr.  Strahan's 
chapters  on  the  physical  aspects  of  the  subject ;  but  the  strati- 
graphical  portion  of  his  part  of  the  revised  Survey  Memoir  is 
quite  unequal  to  the  physical,  the  author  having  been  content  in 
many  cases  to  quote  Dr.  Barrois*  work  in  extenso, 

Mr.  Jukes-Browne's  memoir  is  of  an  entirely  different 
nature.  A  keen  palaeontologist,  with  an  unrivalled  grip  of  the 
stratigraphy  of  the  Cretaceous  Rocks,  he  has  given  us  an  account 
which  though  necessarily  sketchy,  from  lack  of  personal  familiarity 
with  the  Chalk  of  the  Island,  is  nevertheless  substantially 
accurate.  Indeed,  none  more  than  ourselves  deplore  the  almost 
life-long  illness  which  has  prevented  this  brilliant  and  original 
writer  from  participating  for  so  many  years  in  active  work  in  the 
field.  It  is  safe  to  say  that  but  for  this  physical  incapacity  there 
would  have  been  no  place  for  "  The  Zones  of  the  White  Chalk  of 
the  English  Coast,"  for  the  whole  story  would  have  been  told  long 
ago  by  Mr.  Jukes-Browne  with  a  fulness  and  mastery  of  detail  which 
would  have  left  little  room  for  further  observation.  In  the  case 
of  the  Isle  of  Wight  he  had  received  invaluable  practical  assistance 
from  Mr.  William  Hill,  Mr.  C.  Griffith,  and  Mr.  R.  M.  Brydone. 
Indeed,  without  the  aid  afforded  by  these  keen  workers  it  is 
difficult  to  see  how  the  portion  of  the  memoirs  dealing  with  the 
Island  could  have  been  written. 


CoMPTON  Bay. 

The  natural  starting  point  for  an  examination  of  the  White 
Chalk  is  Compton  Bay,  for  its  lower  beds  are  here  well  exposed 
in  a  continuous  section  measuring  nearly  a  thousand  yards  in 
length.  The  bay  is  always  accessible  at  low  tide,  but  there  is  one 
place  which  must  be  carefully  watched,  namely,  the  projecting 
point  formed  by  the  chert-beds  of  the  Upper  Greensand,  for  here 
one  may  be  readily  caught  by  the  tide.  At  low  spring-tides  a 
good  day's  work  can  be  done  before  the  returning  water  reaches 
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the  spot,  but  at  neap-tides  the  time  allowed  is  quite  inadequate. 
It  is  only  at  very  low  spring-tides  that  access  can  be  obtained  to 
this  bay  from  Freshwater  Bay,  and  the  usual  course  is  to  take  the 
Military  Road,  hewn  in  the  south  side  of  Afton  Down,  to  the 
cliff  path  west  of  Compton  Chine,  which  is  indicated  on  the  key- 
plate  to  PI.  VIII. 

The  walk  along  the  Military  Road  is  by  no  means  devoid  of 
geological  interest,  as,  starting  from  Freshwater  Gate,  we  traverse 
a  section  in  the  White  Chalk  from  the  zone  of  MicrasUr  cor- 
anguinum  to  that  of  Rhynchonella  cuvieri^  and  it  will  be  noted 
that  the  telegraph  posts  are  numbered,  thereby  giving  a  useful 
guide  to  local  features.  Further  mention  of  this  section  will  be 
found  on  p.  234.  The  walk  along  the  shore  under  Freshwater 
Cliff  is  not  one  which  we  should  take  for  pleasure,  for  the  fore- 
shore is  a  rugged  tumble  of  large  blocks  of  fallen  chalk  strongly 
reminiscent  of  the  doubtful  joys  of  Speeton.  Much  of  the  labour 
of  climbing  over  this  rough  shore  may  be  obviated  in  calm 
weather  by  taking  a  boat  from  Freshwater  Bay  and  landing  at  low 
tide  on  the  outer  margin  of  the  reefs,  or  at  high  tide  on  one  of 
the  rocks  which  fringe  the  coast.  It  can  only  be  done,  however, 
when  there  is  a  really  smooth  sea,  and  should  not  be  attempted 
when  there  is  the  least  swell. 

Arriving  at  the  shore  we  pass  over  the  Gault,  Upper  Green- 
sand,  Glauconitic  Marl,  Chalk  Marl,  and  the  zones  of  Holaster 
subglobosus  and  Actinocamax  pienus.  The  Belemnite  Marls  are 
well  displayed  in  the  cliff,  and  at  times  on  the  foreshore,  and 
we  had  the  good  fortune  to  find  an  example  of  the  name-fossil 
in  situ.  The  Belemnite  must  be  very  rare,  since  it  is  not  re- 
corded in  the  "  Geology  of  the  Isle  of  Wight "  {Mem,  Geol.  Sur- 
vey)j  nor  in  Vol.  II  of  the  Cretaceous  Memoir.  We  found  it 
also  at  Culver  Cliff  and  in  Man-o'-War  Cove,  South  Dorset. 


Zone  of  Rhynchonella  cuvieri. 

The  Chalk  of  this  zone  is  splendidly  exposed,  and  a  large 
amount  of  it  is  in  good  order  for  collecting  purposes — z.  great 
contrast  to  the  poor  surfaces  met  with  on  the  Dorset  coast. 
Though  there  is  a  belt  of  hard  chalk,  gritty  in  places  with  frag- 
ments of  Inoceramus  mytiloides^  there  is  no  true  exposure  of  the 
Melboum  Rock.  The  marly  seams  in  the  lower  part  of  the  zone 
are  rather  a  conspicuous  feature,  and  it  is  this  part  of  the  bed 
which  we  probably  see  in  the  seaward  faces  of  New  Ditch  Point 
and  Oldpepper  Rock  in  our  course  by  boat  to  ScratchelPs  Bay. 
Indeed,  we  landed  on  the  former  rock  and  proved  it  to  be  so. 
The  area  where  Inoceramus  fragments  are  most  developed  is 
about  the  middle  of  the  zone.  The  list  of  fossils  is  naturally 
larger  than  in  Dorset,  but  the  fauna  fairly  corresponds  with  the 
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normal  in   this  zone,  and  we  shall  deal  with  it  in  the  zonal 
summary. 

There  is  no  feature  on  the  shore  to  mark  the  point  at  which 
this  bed  comes  to  the  shore-line,  but  its  situation  here  corresponds 
with  that  of  the  iron  fence  which  comes  down  to  the  cliff  edge  in 
a  line  with  telegraph  post  No.  19  on  the  Military  Road.  The 
junction  between  this  zone  and  that  of  Terebratulina  gracilis  is  a 
purely  zoological  one,  and  there  is  again  no  feature  on  the  shore 
or  on  the  cliff  top  to  mark  its  position.  At  the  time  of  our  visit 
the  section  of  this  bed  was  interrupted  by  falls  from  the  higher 
zones,  so  that  it  was  impossible  to  give  a  bed-to-bed  measurement 
in  detail.  The  zone  is  a  fiintless  one,  and  measures  84  ft.  7  in.  It 
should  be  noted  that  the  chalk  of  this  zone  weathers  out  in 
characteristic  manner,  hard  nodular  beds  alternating  with  belts  of 
smoother  nature.  The  junction  with  the  zone  of  Actinocamax 
plenus  is  plainly  shown,  both  in  the  cliff  and  on  the  foreshore. 

Zone  of  Terebratulina  gracilis. 

Here  again  there  is  an  extensive  and,  in  the  main,  well- 
weathered  surface  for  the  collector,  with  a  fauna  decidedly  richer 
than  in  the  same  chalk  in  South  Dorset.  The  chalk  is  hard, 
fiintless,  veined  with  marl,  and  there  are  the  usual  marl-bands  in 
addition  which  weather-out  in  places  as  open  marl-seams. 
Besides  this  there  are  two  curious  lines  of  nodules  situated  in 
marl-seams.  They  are  grey  or  fawn-coloured  on  the  surface,  and 
very  white  inside,  contrasting  strongly  when  broken  with  the  greyer 
tint  of  the  surrounding  matrix.  At  the  first  glance  we  thought 
that  we  had  met  with  a  course  of  white  flints,  for  the  outlines  are 
irregular  and  resembling  those  of  a  fiint,  but  a  blow  with  the 
hammer  showed  that  they  were  no  harder  than  the  chalk.  The 
actual  nature  of  these  siliceous  nodules  is  described  by  Dr.  G.  T. 
Prior  on  p.  289.  We  found  them  in  the  same  position  in  the 
Military  Road,  Afton  Down,  in  pit  No.  13  at  Shalcombe,  in  pit 
No.  77  at  Brighstone  Down,  and  in  pit  No.  51,  near  Carisbrooke 
Castle.  Mr.  Strahan  mentions  these  nodules  on  p.  77  of  the  Isle 
of  Wight  Memoir  in  the  following  words  :  "  but  below  the  lowest 
fiint  there  occur  nodules  of  hard  siliceous  chalk,  having  the  form 
of  flint,  but  the  texture  of  chalk."  In  our  experience  they  are 
unique. 

We  endeavoured  to  get  a  bed-to-bed  measurement,  but  nearly 
the  whole  of  the  lower  part  of  the  zone  was  obscured  by  a  series 
of  falls  in  1904.  We,  however,  give  measurements  of  the  un- 
obscured  upper  portion,  so  that  the  position  of  the  nodule-beds 
and  of  the  Chalk  Rock  of  the  Geological  Survey  may  be  clearly 
indicated. 

In  1903  the  second  volume  of  the  Geological  Survey  Memoir 
on  the  Cretaceous  Rocks  of  Britain  was  published,  and  on  pp. 
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408-410  the  author  fully  confirms  our  view  •  that  this  bed  has  no 
claim  to  be  called  the  Chalk  Rock,  and  that  it  is  situated  in  the 
zone  of  Terebratulina  gracilis.  Now  that  emphasis  has  been 
laid  on  this  point  we  have  no  hesitation  in  using  in  the  present 
paper  the  term  "spurious  Chalk  Rock"  when  we  refer  to  this 
greenish-yellow  nodular  band,  so  that  readers  of  the  Dorset  paper 
may  know  to  which  bed  we  refer  when  we  mention  the  occurrence 
of  this  striking  and  useful  lithological  feature  in  the  Isle  of 
Wight. 

We  append  the  measurements  of  the  upper  portion  of  this 
zone  which  alone  was  capable  of  being  measured  in  1904 : 

Ft.     In. 
**  Black  marl-band  **  to  **  grey  marl-band  "         ..78 
Top  of  "  spurious  Chalk  Rock  "  to  "  black  marl-band  *'      511 
Marl-band  to  top  of  '*  spurious  Chalk  Rock  "     .        .        70 

Marl-band  to  marl-band 36 

Marl-band  to  marl-band 83 

Upper  siliceous  nodule  bed  to  marl-band    ...        3       3 
Lower  siliceous  nodule  bed  to  upper  siliceous  nodule- 
bed      19 

Marl-band  to  lower  siliceous  nodule-bed     ...         3      6 

Red  sponge  bed  to  marl-band 29 

Red  sponge  bed  to  red  sponge  bed     ....20 

Total    45       7 

The  total  measurement  of  the  Terebratulina  gracilis-ixya^  is 
64  ft.  9  in.,  so  that  it  is  only  the  lower  19  ft.  for  which  we  cannot 
give  details.  On  p.  413  of  Vol.  ii  of  the  Cretaceous  Memoir, 
the  author  gives  measurements  made  by  Mr.  William  Hill  in 
1897  for  the  combined  zones  oi  Rhynchonella  cuvieri  and  Tere- 
bratulina gracilis.  It  will  be  seen  that  while  we  give  a  greater 
thickness  to  the  zone  of  Rhynchonella  cuvieri  2Lnd  a  smaller  one  to 
that  of  Terebratulina  gracilis^  our  total  measurements  are 
practically  identical  with  his. 

Mr.  HUl's  Measurements. 

Ft 

T.  gracilis        .         .       85 

R.  cuvieri        ,         .        64 

Total     149      7  149      4 

On  referring  to  our  detailed  measurement  of  this  zone  it  will 
be  noticed  that  we  speak  of  the  "  black  marl-band  "  and  the 
"grey  marl-band.'*  We  gladly  avail  ourselves  of  the  terms  used 
by  Mr.  Jukes-Browne,  as  the  two  marl-bands  are  important  guides 
in  the  field.  Those,  however,  who  examine  the  sections  in 
Compton  Bay,  will  look  in  vain  for  a  black  marl-band,  for, 
possibly  by  reason  of  bleaching  by  the  salt  water,  it  is  only 
in  inland  sections  that  the  dark  colour  is  to  be  seen,  and  it 
is  equally  bleached  on  the  Military  Road,  Afton  Down.     We 

•  "  White  Chalk  of  the  English  Coast.    Part  II,  Dorset,"  Proc.  Geol.  Assoc,  zvii  (i), 
1901,  pp.  46,  47. 


Oar  Measxirements. 

In. 

Ft.      In. 

7 

64       9 

0 

84       7 
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noticed  it  in  pit  No.  13  at  Shalcombe,  in  pit  No.  19  at  Arreton 
Down,  in  pit  No.  37  at  Brading  Down,  at  pit  No.  77  at  Brighstone 
Down,  and  at  pit  No.  51,  near  Carisbrooke  Castle 

It  will  be  seen,  therefore,  that  we  coincide  with  Mr.  Jukes- 
Browne  and  Mr.  William  Hill  in  fixing  the  junction  of  the  zones 
of  Terebraiulina  gracilis  and  Holaster  planus  at  the  second  or 
"  grey  marl-band  "  above  the  "  spurious  Chalk  Rock."  Collecting 
carefully  between  the  "  spurious  Chalk  Rock  "  and  the  second  or 
**  grey  marl-band  "  above  it,  we  find  no  evidence  of  a  fauna  belong- 
ing to  the  Holaster  planus-zoxi^y  for  though  Holaster  planus  is  as 
common  as  in  its  own  zone,  and  Micraster  cor-bovis  by  no  means 
rare,  we  find  no  trace  of  Echinocorys  scutatus^  Micraster  leskei 
and  Micraster  prcecursor. 

Zone  of  Holaster  planus. 

We  now  enter  the  area  of  the  flinty  chalk.  To  reach  a 
junction  of  this  zone  with  that  of  Terebraiulina  gracilis  we  have 
to  go  almost  to  the  extreme  western  end  of  the  bay  before  the 
beds  become  accessible.  At  the  top  of  the  cliff  is  a  little  monu- 
ment, erected  to  mark  the  spot  where  a  child  met  her  death  by 
falling  over  the  cliff.  At  a  point  on  the  shore  immediately  below 
this  monument  the  "  spurious  Chalk  Rock  "  falls  to  the  shore-line, 
and  there  is  no  difficulty  in  gaining  access  to  the  junction  of  the 
zones  of  Terebraiulina  gracilis  and  Holaster  planus  by  climbing. 
Being  more  or  less  out  of  reach  of  the  waves,  the  chalk  at  the 
junction  affords  a  good  surface  for  collecting. 

Directly  we  pass  the  second  or  "  grey  marl-band  "  we  come 
upon  a  bed  of  Bicavea  rotaformis^  Gregory,  the  beautiful  little 
rotiform  bryozoon  which  we  found  in  much  the  same  position  at 
Mupe  Bay*,  where  it  was  2  ft.  thick  and  occurred  3  ft.  above  the 
first  or  lowest  flint  course.  Here  the  bed  is  6  ft.  thick  and 
occupies  nearly  the  whole  space  between  the  "  grey  (or  junction) 
marl-band"  and  the  one  above  it.  Between  these  two  marl- 
bands  the  first  course  of  flint  occurs,  so  that  the  "  Bicavea-hed " 
lies  partly  in  flinty  and  partly  in  flintless  chalk.  Professor 
Gregory's  second  volume  of  the  '*  Catalogue  of  the  Cretaceous 
Bryozoa  in  the  British  Museum"  has  been  in  manuscript 
for  some  time,  and  we  knew  that  it  contained  a  description 
of  this  locally  important  guide-fossil.  So  that  the  title  of 
this  bryozoon  might  be  available  for  quotation  in  this  paper, 
Professor  Gregory  has  courteously  consented  to  publish  a  brief 
diagnosis  and  indication  of  distribution.  The  description  will 
be  found  in  the  Geological  Magazine  (Dec.  v,  vol.  iv,  No.  xi, 
Oct.  1907,  p.  442).  Throughout  this  paper  we  shall  allude 
to  the  limited  stratum,  wherein  it  is  contained,  as  the  "  Bicavea- 
bed." 

•  op.  cit.^  Dorset,  Proc.  GtoL  Assoc.^  xvli  (i),  1901,  p.  23. 
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We  found  no  Micraster  other  than  Micraster  cor-bovis 
between  the  junction  marl-band  and  the  first  flint  course,  but 
Mr.  Westlake  obtained  one  example  of  Echinocorys  scutatus  there, 
so  that  the  zoological  and  lithological  junctions  fairly  well 
coincide.  We  collected  Micraster  Uskei  and  Micraster  precursor 
in  the  first  few  feet  of  flinty  chalk. 

The  fauna  of  this  zone  is  identical  with  that  of  South  Dorset, 
and  will  be  discussed  in  the  Zoological  Summary.  There  is  no 
Chalk  Rock  in  the  lithological  sense  in  this  zone  in  the  Island, 
nor  did  we  find  any  cephalopods  or  gasteropods,  save  one 
fragment  of  an  Aporrhais, 

The  chalk  is  of  a  greyish  tint,  though  not  so  grey  as  in 
Dorset,  nor  is  the  contrast  between  the  colour  of  these  beds  and 
those  of  Micraster  cor-testudinarium  so  marked  as  in  that 
county.  The  flints  range  from  black  to  grey,  with  thick  white  or 
grey  cortices,  and  they  are  solid  and  but  little  crushed. 

Mr.  Westlake  obtained  a  measurement  in  detail  of  these  beds 
by  wading  to  the  recess  on  the  eastern  side  of  the  little  headland 
dividing  the  bays  of  Compton  and  Freshwater.  The  upper  beds 
are  displayed  in  this  recess  in  the  same  manner  as  in  Freshwater 
Bay,  and  the  measurement  works  out  as  follows.  We  take  the 
junction  of  the  zones  of  Holaster  planus  and  Micraster  cor- 
testudinarium  at  two  marl-bands,  i  ft  8  in.  apart  These  are 
well  seen  in  the  tip  of  the  eastern  horn  of  Freshwater  Bay,  and 
better  still  in  Watcombe  Bay.  They  pass  through  the  apex  of 
the  cave  at  the  western  point  of  Freshwater  Bay,  and  their 
position  is  indicated  on  the  key-plates  accompanying  Plates 
(IX,  X,  and  XI). 

Ft.   In. 

Marl* band  to  marl-band i     8 

Strong  flint  tabular  to  marl-band 15 

Flint  tabular  to  strong  flint  tabular 18 

Thin  flint  tabular  to  nint  tabular 40 

Flint  course  to  thin  flint  tabular xo    6 

Marl-band  to  flint  course 10    o 

Marl-band  to  marl-band 80 

Marl-band  to  marl-band 120 

Marl-band  (the  "  grey  marl ")  to  marl-band      .        .        .  10    6 

Total    59    9 

Before  leaving  Compton  Bay  it  will  be  well  to  look  back  from 
the  western  end  of  the  bay  so  as  to  note  the  raking  down  of  the 
various  beds  to  the  shore-line.  This  is  done  to  best  effiect  after 
rain  and  with  the  sun  on  the  clifi*,  for  then  the  dark  band  of  the 
Actinocamax  plenus  marls  and  the  grey  tint  of  the  Holaster  planus- 
zone  contrast  strongly  with  the  whiter  beds  of  Rhynchonella 
cuvieri  and  Terebratulina  gracilis^  and  the  slightly  reddened  tint 
of  those  of  Micraster  cor-testudinarium.  The  position  of  these 
beds  is  indicated  on  the  key-plate  accompanying  (PL  VIII). 

It  would  be  impossible  to  obtain  a  list  from  the  Holaster 
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planus-zonQ^  save  for  the  fortunate  accident  of  many  fallen  blocks 
from  this  bed  in  the  middle  of  the  chalk  portion  of  this  bay. 
There  are  also  fallen  masses  from  the  zone  of  Micraster  car- 
iesiudinarium,  but  an  examination  of  the  contained  Micrasters 
at  once  enables  one  to  decide  with  which  zone  one  is  dealing. 
It  will  be  gathered  from  what  has  already  been  written  that  it  is 
impossible  to  work  the  zone  of  Micraster  cor-testudinarium 
in  sttiu 

Freshwater  Bay — East  Side. 

This  bay  gives  us  a  range  on  the  eastern  side  from  the  zone 
of  Holasttr  planus  to  that  of  Actinocamax  quadratus^  and  on  the 
western  side  from  the  zone  of  Holaster planus  to  that  of  Micraster 
cor-anguinum.  It  is  a  very  unpromising  section  for  the  collector, 
as  the  two  horns  of  the  bay  are  obscured  by  seaweed,  and  the 
remainder  of  the  chalk  is  much  discoloured  by  rain-wash  from 
the  soil  cap.  The  zone  of  Holaster  planus  and  Micraster 
cor-testudinarium  are  quite  unworkable,  as  they  are  clad  in  sea- 
weed ;  and  but  for  the  fact  that  we  get  a  clear  junction  between 
these  beds  in  Watcombe  Bay,  some  300  yards  to  the  westward, 
it  would  have  been  quite  impossible  to  have  fixed  the  junction 
between  these  zones.  By  dint  of  much  search  we  found  one 
example  of  Micraster  cor-testudinarium  on  the  eastern  side  of  the 
bay  and  two  on  the  western.  Only  the  upper  portion  of  the 
Holaster  planus-zone  is  here  exposed,  so  no  measurement  is 
given.  The  thickness  of  the  Micraster  cor-testudinarium-zone.  is 
estimated  to  be  52  ft.  9  ins.  in  Freshwater  Bay. 

Owing  to  the  Watcombe  Bay  section  we  are  also  able  to  fix 
the  junctions  of  the  zones  of  Micraster  cor-testudinarium  and 
Micraster  cor-anguinum.  The  junction  between  these  zones  is  a 
purely  zoological  one,  fixed  by  the  zonal  variations  in  Micraster 
and  EchinocorySy  but  it  fairly  well  coincides  with  a  marl-band 
which  cuts  the  southern  side  of  a  cave  6^  ft.  above  the  two 
tabular  flint-bands  i  ft.  apart.  Below  the  lower  of  these  two 
tabular  flint-bands  is  a  belt  of  flintless  chalk  measuring  i  ft.  3  ins. 
in  thickness,  which  readily  catches  the  eye  as  a  prominent 
feature  in  the  clifi".  The  positions  of  this  junction  and  that  of 
the  two  marl-bands,  i  ft.  8  ins.  apart,  which  mark  the  contact  of 
the  zones  of  Holaster  planus  and  Micraster  cor-testudinarium,  are 
clearly  indicated  on  the  key-plates  to  Pis.  IX,  X,  and  XI. 

Zone  of  Micraster  cor-anguinum. 

At  the  eastern  side  of  the  bay,  and  in  Scratchell's  Bay,  we 
have  the  only  complete  sections  of  the  Micraster  cor-anguinum- 
zone  at  the  western  end  of  the  Island.    We  have  indicated  the 
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position  of  the  lithological  junction  for  the  base  of  the  zone,  and 
it  only  remains  to  show  its  upper  limits.  The  measurement 
obtained  for  its  thickness  in  this  bay  is  278  ft.  3  ins.,  and  it  will 
be  noticed  that  it  is  less  by  31  ft.  9  ins.  than  that  recorded  for 
the  same  zone  in  ScratchelPs  Bay.  The  upper  limit  of  the  zone 
is  purely  zoological,  and  is  fixed  by  the  occurrence  of  the  first 
plate  of  Uintacrinus,  The  chalk  is  so  indifierently  displayed  in 
Freshwater  Bay  that,  were  it  not  for  the  chance  of  collecting  on 
the  pathway  leading  to  Watcombe  Bay,  and  the  small  cliff-top 
exposures  on  East  and  West  High  Down,  we  should  have  but  a 
very  insignificant  list  to  record.  The  fauna  differs  in  no  essential 
degree  from  that  in  Dorset,  or  indeed  from  the  normal  in  the 
South  of  England,  and  with  the  exception  that  Micraster  and 
Echinocorys  preserve  their  usual  zonal  variations,  and  that 
Echinoconus  is  present,  there  is  little  to  add.  We  have  here  the 
usual  rather  regular  courses  of  flints,  together  with  occasional 
tabular  bands  of  flint  and  marl-bands,  and  the  flints  are  slightly 
pink  towards  the  surface  and  have  thin  cortices.  They  are  more 
cavernous  than  in  the  MarsupiteS'Zon<^  and  there  is  a  definite 
proportion  of  globular  flints  among  them. 

Zone  of  Marsupites  testudinarius. 

(i)   Uintacrin US-band. 

This  is,  as  we  have  said,  but  a  poor  section,  for,  owing  to  the 
dirty  nature  of  the  chalky  Uintacrinus  is  by  no  means  an  easy 
fossil  to  find.  Indeed,  we  have  never  had  to  search  for  it  so 
carefully,  save  in  the  wave-battered  section  under  Seaford  Head. 
The  UintacrinuS'bsindy  so  far  as  we  can  trace  it,  measures  but 
27  ft  in  this  bay.  We  have  reason  to  believe  that  this  thickness 
is  slighdy  less  than  it  should  be ;  still,  we  give  the  measurement 
exactly  as  it  has  worked  out.  The  limits  of  this  band  are  purely 
zoological,  and  the  difliculty  lies  not  so  much  with  the  upper 
boundary,  which  is  probably  correct,  as  with  the  lower,  where  the 
chalk  is  much  obscured  by  rain- wash. 

(ii)    The   Marsupites-band. 

The  Marsupites-band  is  displayed  in  an  equally  unsatisfactory 
manner,  and  the  poorness  of  the  surface  possibly  leads  one  to 
believe  that  the  plates  of  this  crinoid  are  less  abundant  than 
usual.  We  fix  the  lower  limit  of  this  band  at  the  first  Marsupites 
plate,  which  was  found  close  to  the  last  Uintacrinus  plate,  so  that 
the  junction  of  the  two  sub-zones  is  probably  quite  correct. 
The  junction  is  entirely  zoological,  as  there  is  no  lithological 
feature  which  coincides  with  it.     As  is  our  wont,  we  fix  the  upper 
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limit  at  the  last  Marsupites  plate.  There  is  a  considerable  gap 
between  this  plate  and  the  last  plate  but  one,  and  this  probably 
accounts  for  the  fact  that  our  measurement  for  the  Marsupites- 
band  is  so  greatly  in  excess  of  that  obtained  in  Scratchell's  Bay. 
We  are  inclined  to  look  upon  this  last  plate  as  a  sporadic 
occurrence,  and  to  attach  more  belief  to  the  measurement  in 
Scratcheirs  Bay,  which  is  43  ft.  less  than  that  at  Freshwater. 
Marsupites  may  occur  sporadically  both  above  and  below  its 
arbitrary  limits,  and  as  an  example  of  the  latter  we  quote  the 
record  of  a  nearly  complete  test  of  the  smooth  variety  30  ft.  down 
in  the  Uintacrinus-bsind  at  Margate. 

The  fauna  of  this  zone,  though  scanty,  is  eminently  character- 
istic. No  belemnites  or  ammonites  were  found,  and  therein  this 
zone  coincides  with  the  record  in  Dorset.  The  pyramidal  shape- 
variation  of  Echinocorys  scutatus  was  rather  common,  while 
Echinoconus  vulgaris  and  Terebratulina  rawei  were  fairly  repre- 
sented. 

The  chalk  is  white  and  the  flint  courses  numerous,  the  flints 
being  compact  and  having  thick  white  cortices.  There  appears  to 
be  the  same  barren  area  here,  as  in  Dorset,  between  the  essential 
fauna  of  this  zone  and  that  of  Actinocamax  quadratus — an  area 
where  Marsupites  dies  out  and  where  Cardiaster  pillula  does  not 
come  in,  but  where  the  transitions  in  the  shape-variations  of 
Echinocorys  scutatus  continue  to  evolve.  Mr.  C.  Griffith  and 
Mr.  R.  M.  Brydone  were  the  first  to  discover  Marsupite  plates 
here  and  at  Scratchell's  Bay,  while  it  has  fallen  to  our  lot  to  be 
the  first  to  record  Uintacrinus  in  all  the  sections  in  this  zone  in 
the  Island  • 

Zone  of  Actinocamax  quadratus. 

We  have  the  good  fortune  to  be  able  to  establish  at  the  head 
of  this  bay  a  short  and  hitherto  unrecorded  section  of  this  zone. 
It  is  dirty,  and  the  chalk  is  no  longer  compact,  but  broken  up 
into  lumps.  The  flint  courses  are  fairly  numerous  and  the  flints 
are  solid,  with  a  pink  tinge  and  thin  cortices.  That  there  is  no 
doubt  concerning  the  identity  of  this  chalk  may  be  inferred  from 
the  fact  that  we  collected  several  examples  of  Echinocorys 
scutatus  of  the  shape-variation  characteristic  of  the  lower  part  of 
this  zone,  as  well  as  an  example  of  Cardiaster  pillula.  The  name- 
fossil  was  not  found. 

Freshwater  Bay — West  Side. 

If  the  beds  on  the  eastern  side  of  this  bay  are  unattractive, 
then  those  on  the  western  side  must  be  considered  as  absolutely 
repellent.  It  is  only  possible  to  work  the  Micraster  cor-anguinum- 
zone,  and  as  we  get  no  junction  with  the  Uintacrinus-Yxindj  the 
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section  is  incomplete,  and  for  that  reason  we  have  not  measured 
it.  The  junction  of  the  zones  of  Micraster  cor-anguinum  and 
Micraster  cor-testudinarium  are  fixed  at  the  same  marl-band,  6|  ft. 
above  a  tabular  band  of  flint.  On  the  opposite  side  of  the  bay 
there  were  two  flint  tabular  bands  i  foot  apart,  but  here  one  is 
lost— an  excellent  instance  of  the  unreliability  of  lithological 
features  even  within  a  limited  area.  The  junction  of  zones  of 
Micraster  cor-iestudinarium  and  Holaster  planus  is  seen  in  the 
apex  of  the  cave  at  the  western  horn  of  the  bay,  and  both  these 
junctions  are  accurately  indicated  on  the  key-plate  which  ac- 
companies PI.  X.  It  will  be  noticed  that  the  base  of  the 
seaward  surface  of  the  Arched  Rock  is  faced  by  the  zone  of 
Holaster  planus^  while  the  whole  of  the  Stag  Rock  is  cut  in  the 
zone  of  Micraster  cor-testudinarium.     This  is  indicated  on  PI.  A. 


Watcombe  Bay. 

Here  we  have  a  small,  but  beautifully  weathered  section  em- 
bracing the  whole  thickness  of  the  zone  of  Micraster  cor-testu- 
dinarium  and  part  of  the  beds  belonging  to  those  of  Micraster 
cor-anguinum  and  Holaster  planus. 


Zone  of  Micraster  cor-anguinum. 

There  is  a  practicable  pathway  leading  to  the  beach,  cut 
entirely  in  the  zone  of  Micraster  cor-anguinum^  and  yielding  the 
best  list  of  fossils  obtainable  in  this  zone  in  the  whole  island. 
Indeed,  we  have  here  the  only  chance  of  obtaining  a  knowledge 
of  the  basal  fauna  of  this  zone,  for  this  horizon  is  dirty  and 
overgrown  with  seaweed  at  Freshwater  Bay  and  Culver  Cliff,  and 
pounded  by  the  shingle  at  Scratchell's  Bay.  It  will  be  seen  that 
lithologically,  as  in  Sussex,  the  lowest  beds  are  rugged  and  iron- 
stained,  thereby  resembling  in  appearance  the  zone  immediately 
below.  In  striking  contrast  to  the  rather  barren  nature  of  this 
horizon  at  St.  Margaret's  Bay,  near  Dover,  we  find  a  rich  fauna 
passing  right  down  to  the  junction  and  blending  imperceptibly 
with  tiiat  of  the  zone  of  Micraster  cor-testudinarium.  In  point 
of  fact,  but  for  the  presence  of  Micraster  and  Echinocorys^  we 
could  not  have  separated  the  base  of  one  zone  from  the  top  of 
the  other.  Micraster^  however,  though  not  abundant,  gave 
ample  evidence  of  the  zone,  for  though  the  ambulacra  were 
"  sub-divided,"  as  in  the  zone  of  Micraster  cor-testudinarium,  the 
periplastronal  area  was  decidedly  mammillated.  Further,  the  few 
examples  of  Echinocorys  which  we  obtained  presented  an 
undoubted  affinity  to  the  shape-variations  characteristic  of  the 
Micraster  cor-anguinum-zonQ,  We  did  not  find  Echinoconus 
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vulgarism  this  section,  but  it  was  rather  common  in  the  exposures 
on  the  cliff  edge  along  High  Down. 

The  lithological  junction  is  fixed  for  convenience  at  the  same 
marl-band  which  we  have  alluded  to  on  the  eastern  and  western 
sides  of  Freshwater  Bay,  as  having  a  tabular  flint  band  6^  ft.  below  it 
with  a  belt  of  flintless  chalk  i  ft.  3  in.  thick  beneath.  As  in  the 
western  side  of  Freshwater  Bay,  one  of  the  pair  of  flint  tabulars 
is  missing.  The  junction  marl-band  is  found  in  the  lowest  shelf 
of  the  pathway  leading  to  the  beach,  and  can  be  traced  into  the 
fissure  on  the  east  side  of  the  pathway.  The  actual  zoological 
junction  occurs  3^  ft.  above  the  marl-band,  but  we  prefer  to 
adopt  the  latter  as  it  is  easily  followed  as  a  guide,  and  is 
sufficiently  exact  for  all  practical  purposes. 


Zone  of  Micraster  cor-testudinarium. 


We  append  the  detailed  measurements  of  this  zone  which  are 
taken  from  the  upper  of  the  paired  marl-bands,  i  ft.  8  in.  apart, 
already  utilised  on  both  sides  of  Freshwater  Bay. 


Thin  flint  tabular  to  marl-band     . 

Thick  flint  tabular  to  thin  flint  tabular 

Thick  flint  tabular        .... 

Flintless  band  of  chalk 

Mari-band  to  base  of  flintless  band  of  chalk 

Marl-band  to  marl-band 

Flint  course  to  marl-band 

Bedding  plane  to  flint  course 

Bedding  plane  to  bedding  plane   . 

Marl-band  to  bedding  plane 

Flint  course  to  marl-band     . 

Upper  of  paired  marl-bands  to  flint  course 


Ft. 

In. 

6 

6 

I 

0 

0 

2 

I 

3 

I 

4 

6 

0 

8 

0 

3 

6 

8 

4 

2 

0 

3 

10 

8 

6 

Total 


SO    S 


The  general  appearan'ce  of  the  chalk  of  this  zone  fairly  well 
conforms  to  that  of  others  at  the  same  horizon,  but  it  agrees 
with  the  same  bed  in  Dorset  in  that  it  is  rather  less  nigged  and 
nodular  than  usual.  In  Dorset  this  chalk  was  notably  red  from 
diffused  iron  staining,  forming  thus  a  strong  contrast  to  the  grey 
beds  of  the  Holaster  planus-zone.  Naturally,  the  distinction  is 
not  so  marked  here.  The  flints  are  black  and  solid,  and  have 
thin  white  cortices.      There  are  many  beds  of  marl  in  this  zone. 

The  fauna  is  rich  and  thoroughly  representative.  Micraster 
is  suflSciently  abundant  to  be  an  unfailing  guide,  and,  as  in 
Dorset,  the  broad  form  known  as  Micraster  cor-testudinarium  is 
notably  in  excess  of  the  narrower  group-form  known  as  Micraster 
precursor.  The  gibbous  form  of  Echinocorys  scutatus  is  fairly 
common,  and  the  bryozoa  are  alike  numerous  and  characteristic. 
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Zone  of  Holaster  planus. 

By  climbing  on  to  the  top  of  the  big  fallen  masses  which 
here  form  the  point  on  the  eastern  side  of  this  bay  we  can  get  a 
thoroughly  representative  list  of  fossils  from  this  zone.  Micrasier 
is  sufficiently  common  to  give  us  all  the  data  that  we  require  to 
fix  the  dividing  line  between  this  zone  and  the  one  above  it. 
Just  above  the  paired  marl-bands  we  found  two  examples  of 
Micrasier pracursar  with  "gently  inflated"  ambulacral  areas,  and 
below  the  junction-line  forms  with  typical  "  sutured  "  ambulacra 
were  obtained.  The  section  is  so  small  that  we  do  not  describe 
it  in  greater  detail,  but  it  is  quite  sufficient  to  afford  an  accurate 
junction-line  between  this  zone  and  the  one  immediately  above  it. 

The  Coast  from  Freshwater  Bay  to  Scratchell's  Bay. 

From  Watcombe  Bay  to  Scratchell's  Bay  there  are  no  inlets, 
but  there  are  numerous  falls  all  along  the  section,  and  in  one  or 
two  places  a  small  beach  is  seen,  notably  at  a  spot  called  Roe's 
Hall,  to  the  east  of  Oldpepper  Rock.  On  a  smooth  day,  when 
there  is  no  swell,  the  boatmen  will  land  one  at  any  of  these 
points,  and  excellent  collecting  may  be  obtained  from  the  zone 
of  Terebratulina  gracilis  to  that  of  Micrasier  cor-anguinum. 

The  journey  by  boat  to  Scratchell's  Bay  is  most  instructive 
and  quite  essential  to  a  knowledge  of  the  structure  of  the  cliffs. 
Two  conditions  dominate  the  range  of  beds  exposed.  The  first 
is  the  altitude  of  the  cliff,  and  the  second  is  the  degree  in  which 
the  cliffs  recede  to  the  north  or  advance  to  the  south.  The  two 
most  projecting  points  (shown  on  the  key-plate  to  PI.  X)  are 
New  Ditch  Point  and  Oldpepper  Rock,  and  here,  as  we  should 
naturally  expect,  we  get  the  greatest  zonal  range,  extending  from 
the  lower  part  of  the  zone  of  Rhynchonella  cuvieri  to  the  higher 
beds  of  the  zone  of  Micrasier  cor-anguinum.  On  the  other  hand, 
wherever  the  cliffs  recede  to  the  north,  or  are  of  small  altitude, 
the  zonal  range  at  once  decreases.  Instances  which  readily  occur 
are  seen  at  Bar  Cave,  where  the  cliff  is  low,  and  at  the  Kitchen, 
where  the  cliffs,  though  high,  are  almost  vertical.  In  both 
instances  the  only  zones  exposed  are  those  of  Micrasier  cor- 
tesiudinarium  and  Micrasier  cor-anguinum.  The  same  thing 
occurs  at  Preston's  Bower.  A  view  of  the  coast  from  the  sea 
makes  it  abundantly  clear  why  we  should  find  nothing  but  the 
zone  of  Micrasier  cor-anguinum  at  the  top  of  the  cliff.  We  know 
the  zone  to  be  some  300  ft.  thick,  so  that  the  whole  thickness  of 
the  beds  is  traversed  as  we  pass  from  end  to  end  of  the  section. 
The  highest  point  of  the  cliff  is  at  Tennyson's  Beacon,  where  it 
reaches  483  ft.  Here,  if  anywhere,  we  should  seek  for  the 
MarsufiieS'Zoney  and  later  on  we  shall  show  that  we  found 
Uiniacrinus  at  this  point. 
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Scratchell's  Bay. 

We  now  reach  this  fine  bay  with  the  Needles  and  Grand 
Arch.  It  may  be  mentioned  that  one  can  get  there  only  by  boat, 
and  that  owing  to  the  strong  currents  at  the  Needles  it  is  much 
easier  to  approach  it  from  Freshwater  than  from  Alum  Bay. 
There  are  two  natural  falls  in  this  bay,  and  one  talus  of  chalk 
tipped  from  above.  The  tip  was  made  when  the  fort  was  being 
excavated,  and  together  with  the  fall  in  the  centre  of  the  bay  is 
in  the  zone  of  Actinocamax  quadratusy  while  the  old  fall  by  the 
Needles  is  wholly  in  the  zone  of  BtUmnitella  mucronata.  This 
fall  was  caused  by  the  concussion  from  the  heavy  guns  of  the 
Needles  fort. 

As  we  round  Sun  Corner  in  the  boat  the  eye  is  at  once 
arrested  by  the  wonderful  sweep  of  the  beds  in  the  Grand  Arch, 
and  the  crowded  flint  lines  above  the  grass  slope  on  the  project- 
ing point  of  the  bay.  Obviously,  the  chalk  below  the  grass  slope 
is  in  the  zone  of  Micraster  cor-testudinarium^  and  we  now  seek  a 
junction  with  the  zone  above  it.  Fifteen  feet  above  the  grass 
slope  is  a  single  strong  tabular  flint-band  with  a  narrow  belt  of 
flintless  chalk  below  it ;  but  no  marl-band  can  be  seen  6^  ft. 
above  the  tabular  band.  We  can  find  no  better  junction  than 
this  in  an  accessible  surface,  and  we  can  only  once  more  point 
out  what  feeble  reeds  to  lean  on  are  these  long  trusted  lithological 
features.  The  zone  of  Micraster  cor-testudinarium  seems  to  be 
about  50  ft.  thick,  and  is  inaccessible  in  its  entire  extent.  Mr. 
Strahan  {op,  cit  p.  75)  says  that  "  the  brow  of  the  cliflf  known  as 
the  Main  Bench,  which  is  vertical  and  descends  sheer  into  the 
water,  was  determined  by  the  Ordnance  Survey  to  be  416  ft. 
above  the  datum-level,  while  the  Grand  Arch,  which  forms  the 
east  side  of  Scratchell's  Bay,  and  overhangs  considerably,  is  300  ft 
in  height." 

Attractive  as  these  clifis  are  from  the  sea  they  afibrd  but  poor 
sport  for  the  collector.  Indeed,  but  for  the  fall  in  mucronata- 
chalk,  few  fossils  would  ever  leave  this  bay,  for  the  surface  is 
planed  off  smooth  by  the  action  of  wave  and  shingle,  and  unless 
one  can  climb  up  some  feet,  the  chance  of  finding  fossils  is 
remote  indeed. 

Zone  of  Micraster  cor-anguinum. 

We  take  the  strong  tabular  flint  line  some  15  ft.  above  the 
grass  slope  as  the  approximate  base-line  for  this  zone,  and  obtain 
the  measurements  of  the  lowest  beds  by  using  a  boat.  The 
upper  limit  is  fixed  by  the  occurrence  of  the  first  Uintacrinus 
plate,  and  may  be  taken  to  be  reasonably  accurate,  as  there  is  no 
difficulty  in  finding  the  plates  of  the  crinoid  in  this  section. 
The  measurement  obtained  for  this  zone  is   310  ft.,  but  no 
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detailed  section  is  given.  The  measurement  was  plotted  out  in 
sections  according  to  the  dip,. and  each  section  worked  out 
separately.  To  look  for  any  fossil  save  Micraster  cor-anguinunty 
Echinocorys  scuiatus,  Echinoconus  conicuSy  and  Porosphara  in  a 
shingle-battered  section  like  this  is  sheer  waste  of  time.  These 
we  obtained,  and  found  them  to  be  fully  characteristic  of  the  zone. 

Zone  of  Marsupites  testudinarius. 
(i)  Uintacrinus-band. 

Happily,  here  the  cliff  is  set  back  a  little,  and  for  that  reason 
is  not  so  pounded  by  the  shingle.  The  chalk  is  hard  and  white, 
and  flint  courses  are  common,  the  flints  themselves  being  solid 
and  black,  with  thin  white  cortices.  We  have  long  since 
abandoned  the  hope  of  finding  any  reliable  zonal  guide  in  the 
flints  of  this  district.  The  same  horizon  at  Freshwater  Bay 
yielded  flints  with  a  thick  pinkish  cortex,  and  we  could  multiply 
the  evidence  ad  nauseam  throughout  the  zones  in  the  Island. 

We  fix  the  junction  with  the  zone  of  Micraster  cor-anguinum 
at  the  position  of  the  first  Uintacrinus  plate,  and  the  upper  limit 
of  the  ^sub-zone  by  the  presence  of  the  first  Marsupites  plate. 
We  believe  that  both  these  junctions  are  substantially  accurate, 
and  that  the  thickness  given  here,  34  ft.  6  in.,  is  a  much  more 
reliable  guide  than  that  at  Freshwater  Bay.  There  are  no 
salient  lithological  features  to  coincide  with  the  zoological 
junctions. 

(ii)  Marsupites-band. 

Both  chalk  and  flints  are  of  the  same  nature  as  those 
described  in  the  Uintacrinus-haind,  We  fix  the  upper  limit  of 
the  zone  at  the  position  of  the  last  Marsupites  plate,  but  no  close 
zoological  junction  could  be  obtained  here  for  the  simple  reason 
that  Cardiaster  pillula^  and  still  more  Actinocamax  quadratus, 
appear  to  be  rare  fossils  in  this  bay.  We  found  the  former, 
however,  about  20  ft.  higher  up,  so  that  this  junction  conforms  to 
all  others  which  we  have  described.  In  any  case  Marsupites  is 
in  itself  a  sufficient  guide,  and  we  are  quite  content  to  establish 
the  upper  boundary  of  the  zone  by  its  presence  alone. 

The  description  of  the  junction  of  the  zone  of  Marsupites 
testudinarius  and  Actinocamax  quadratus  at  the  Culver 
(p.  245)  deals  with  the  conspicuous  belt  of  flintless  chalk 
associated  with  the  remarkable  red-green  nodule  beds.  It  will 
be  seen  (p.  244)  that  the  lowest  of  these  nodule  beds  is  in  the 
MarsupiteshdiXid,  At  the  same  position  in  Scratchell's  Bay  we 
search  in  vain  for  these  features.  It  is  true  that  for  a  space  of 
about  20  ft.  the  chalk  at  this  point  is  relatively  less  flinty  than  in 
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the  beds  above  and  below  it,  but  there  is  no  warrant  whatsoever 
for  Mr.  Jukes-Browne's  statement*  that  the  Marsupites-zone  is 
characterised  by  a  scarcity  of  flints,  for  both  the  sub-zones  are 
crowded  with  flint  courses.  Mr.  Jukes-Browne  does  not  even 
allude  to  the  sub-zone  of  Uintacrinus  in  the  Isle  of  Wight. 

We  obtain  a  measurement  of  47  ft.  for  the  Marsupiies-hajid^ 
and  this,  coupled  with  the  34  ft.  6  in.  of  Uintacrinus-chdXky  gives 
a  total  of  81  ft.  6.  in  for  the  whole  zone.  We  believe  this  to  be 
a  much  more  accurate  measurement  than  that  given  at  Fresh- 
water Bay.  The  credit  of  being  the  first  to  find  this  section  of 
the  Marsupi/es-baxid  belongs  to  Mr.  C.  Griffith  and  Mr.  R.  M. 
Brydone ;  while  here,  as  elsewhere  in  the  Island,  we  are  the  first 
to  establish  the  occurrence  of  Uintacrinus, 

Neither  Marsupitts  nor  Uintacrinus  can  be  said  to  be 
abundant  here,  but  they  are  sufficiently  conspicuous  to  make  it  a 
source  of  wonder  that  their  existence  has  been  so  long  undetected. 
The  associated  fauna  is,  however,  alike  suflficient  and  character- 
istic, for  in  both  sub-zones  we  obtained  the  typical  pyramidal 
shape-variation  of  Echinocorys  scutatus^  Terebratulina  rowei^  and 
the  nipple-shaped  head  of  Bourgueticrinus.  Echinoconus  vulgaris 
was  also  found,  but  no  trace  of  ammonites  or  belemnites.  There 
is  no  band  of  Echinocorys  or  Echinoconus  as  at  Margate. 


Zone  of  Actinocamax  quadratus. 

The  remainder  of  the  actual  cliff  face,  as  shown  on  the  beach, 
to  within  ten  paces  of  the  big  fall  in  mucronata-chsXk^  is  in  the 
zone  of  Actinocamax  quadratus.  The  chalk  is  rather  white  and 
hard,  seamed  with  flint  courses,  with  a  marl-band  here  and  there, 
while  the  chalk  itself  is  veined  with  marl,  which  gives  it  a 
decidedly  greyer  tint  than  that  seen  in  the  white  mucronata-beds. 
This  distinction  is  of  decided  utility  in  the  field.  The  flints  are 
black,  with  thin  white  cortices. 

It  would  be  diflScult  to  imagine  a  more  unpromising  section 
for  fossils  than  this,  for  Echinocorys  is  only  seen  in  section,  and 
even  Porosphara  is  planed  off  flat.  We  removed  all  the 
examples  of  Echinocorys  which  we  saw  in  section  in  the  cliff,  and 
had  no  diflSculty  in  referring  them  to  the  quadratus-chalk.  The 
whole  section  yielded  only  two  examples  of  Actinocamax 
quadratus,  one  of  Actinocamax  granulatus,  and  twelve  of 
Cardiaster  pillula. 

Our  work  on  the  Dorset  coast  prepared  us  for  a  possible 
rarity  of  the  name-fossil,  for  there  we  found  it  only  in  a  band 
15  ft.  thick,  in  the  middle  of  the  zone,  in  the  horizontal  chalk  at 
West  Bottom,  near  White  Nothe.  Convert  this  horizontal  into 
vertical  chalk,  and  it  will  at  once  be  evident  how  easy  it  might  be 

•  Utm,  GtoL  Surv.f  Cret.,  vol.  ill,  p.  93. 


WHITE  CHALK   OF  THE   ENGLISH  COAST.  23 1 

to  miss  the  beleranite  in  one  restricted  belt  a  few  feet  only  in 
width.  Cardiaster  pillulay  on  the  other  hand,  was  fairly  common 
in  Dorset,  even  in  the  vertical  chalk,  and  this  makes  its  com- 
parative rarity  here  the  more  remarkable. 

The  measurement  obtained  for  this  zone  is  343  ft.,  and  the 
zonal  contacts  are  purely  zoological,  being  taken  from  the  highest 
Marsupites  plate  to  first  example  of  Belemnitella  mucronata. 
There  are  no  lithological  features  which  coincide  with  these  two 
points.  We  own  that  at  first  we  expected  a  greater  thickness  for 
this  zone,  but  Mr.  VVestlake  took  such  pains  to  get  accurate  data 
that  we  are  only  too  willing  to  accept  it  as  correct 

Immediately  to  the  north-west  of  the  fall  in  quadratus-chsiXk 
we  notice  a  conspicuous  feature.  It  is  well  up  in  the  quadratus- 
zone,  and  consists  of  a  band  of  flintless  chalk,  some  4  ft.  thick, 
which  sweeps  down  to  the  shore  in  a  bold  curve  from  the  iron 
palisade  of  the  fort.  Associated  with  it  are  two  ordinary  thin  red 
sponge-beds  5  ft.  apart.  They  are  not  in  the  same  position  as 
the  nodule-beds  at  the  Culver,  and  must  not  be  confounded  with 
that  remarkable  feature.  The  bed  which  we  have  just  described 
does  not  exist  at  Culver  Cliff. 


Zone  of  Belemnitella  mucronata. 

It  is  a  relief  to  pass  from  the  barren  guadratus-^?^  to  a 
zone  which  has  a  fauna  at  once  abundant  and  distinctive.  The 
chalk  is  still  hard  and  flint  courses  are  numerous,  some  of  the 
individual  masses  being  very  large.  The  colour  of  the  flints 
varies  from  black  to  a  rich  umber,  and  the  cortices  are  thin  and 
white,  though  in  the  case  of  those  of  umber  tint  the  crust  is  of  a 
fawn  colour.  Sometimes  in  other  sections  of  this  zone  the 
flints  are  smoke-grey  in  tint,  but  they  are  rarely  of  the  same 
colour  in  two  consecutive  sections. 

We  fix  our  contact  with  the  zone  of  Actinocamax  quadratus 
by  the  presence  of  the  lowest  Belemnitella  mucronata^  and  as  it 
was  found  within  one  foot  of  an  example  of  the  small  pyramidal 
Echinacorysy  which  is  so  characteristic  of  the  horizon  in  question, 
we  had  no  scruple  in  taking  this  as  the  base-line  of  the  zone. 
The  junction  is  entirely  zoological,  as  we  find  no  lithological 
feature  sufficiently  distinctive  to  use  for  this  purpose. 

Belemnitella  mucronata  cannot  be  said  to  be  an  abundant 
fossil  here,  and  is  not  nearly  so  common  as  at  Ballard  Head  or 
Studland  Bay,  though  it  is  perhaps  rather  more  frequently  found 
in  the  higher  beds  in  Alum  Bay.  Echinocorys  is  really  a  common 
fossil,  especially  the  small  pyramidal  shape-variation,  which 
resembles  the  pointed  form  of  Echinoconus  conicus  in  profile. 
In  addition  to  these  large  and  easily  seen  guide-fossils  we  can 
always   rely  on   the  spines  of  Cidaris  serrata   and  on   Crania 
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costata,  MagaSi  here  as  elsewhere,  peculiar  to  this  zone,  is  a 
gregarious  fossil,  and  when  found  is  usually  abundant  and  all- 
sufficient  as  a  guide  ;  but  in  this  island  it  would  appear  to  be  very 
uneven  in  its  distribution,  occurring  only  in  tiie  top  of  the 
zone.  The  brybzoa,  which  are  singularly  abundant,  are  also 
useful  in  forming  a  zonal  determination. 

Alum  Bay. 

The  junction  of  the  mucronata<hd\\i  with  the  Tertiaries  is 
well  worth  seeing,  for  it  affords  a  remarkable  example  of  an 
eroded  surface  of  pre-Tertiary  age.*  On  the  occasion  of  our 
visit  we  had  to  wait  for  the  tide,  and  occupied  the  time 
very  profitably  by  breaking  up  the  blocks  which  had  fallen  at  the 
junction  with  the  Tertiaries.  The  chalk  at  this  point  is  quite 
soft  and  can  be  readily  trimmed  with  a  knife.  Magas  pumilus  is 
here  quite  abundant.  One  can  walk  out  to  the  Needles  at  low 
tide,  but  the  results  hardly  justify  the  labour,  as,  owing  to  the 
sheared  surfaces  of  rock,  which  are  all  cut  along  the  bedding- 
planes,  the  fossils  are  not  well  preserved,  while  even  the  falls 
yield  but  a  poor  fauna.  It  is  instructive  to  examine  this  section 
at  a  really  low  tide,  for  then  the  extent  of  the  chalk  reefs  gives  one 
some  idea  of  the  thickness  of  the  mucronata-zonQ, 

The  famous  Needles  are  wedge-shaped  rocks  of  mucronaia- 
chalk  which  have  resisted  marine  and  aerial  erosion  to  a  surprising 
degree.  As  we  traverse  the  mucronata-chdXk  in  Scratchell's  Bay 
it  becomes  evident  that  an  increasing  degree  of  induration  is  met 
with  as  we  approach  the  Needles,  and  this  reaches  its  maximum 
at  the  southern  surface  of  the  shoreward  Needle.  Indeed,  the 
chalk  is  here  so  hard  that  it  is  almost  impossible  to  remove  a 
fossil  from  it,  and  herein  unquestionably  lies  the  explanation  of 
the  formation  and  persistence  of  these  famous  pinnacles.  The 
Needles  run  out  a  little  south  of  west,  following  the  almost 
straight  westerly  trend  of  the  beds  in  Alum  Bay.  Mr.  Strahan 
tells  ust  that  **a  lofty  spire  of  chalk,  which  once  rose  as  the  most 
conspicuous  of  the  group,  fell  down  in  1764.  A  base  of  60  ft  in 
diameter  has  been  levelled  on  one  of  them  for  the  foundations 
of  the  lighthouse,  which  was  removed  to  it  in  1858  from  High 
Down,  where  it  originally  stood." 

The  thickness  of  the  mucronata-chdXk  is  greater  than  that 
hitherto  recorded  for  any  section  of  the  zone,  for  it  yielded  the 
big  measurement  of  475  ft.  It  will  be  remembered  that  at 
Ballard  Head  we  had  a  thickness  for  the  bed  of  250  ft,  but  that 
this  did  not  take  into  consideration  any  portion  of  this  zone  south 

*  Mr.  Wh{taker(o^.  ciU)  denies  this,  and  states  that  it  Is  analogous  to  the  well-known 
pipes  at  the  surface  of  the  chalk,  and  that  It  is  due  to  the  solution  of  the  surface  of  the 
chalk  after  the  Eocene  series  had  been  deposited.  See  also  *'  Isle  of  Wight  Memoir," 
Fig.  16,  p.  95. 

t  Mem.  Geol.  Survey,  I.  of  Wight,  p.  73. 
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of  the  thrust-fault,  where  the  chalk  was  inaccessible.    The  measure- 
ment is  made  up  as  follows  : 

In  Scratcheirs  Bay,  from  junction  with  ^uadraiuS'chsAk 

to  Needles 196  ft. 

Thickness  of  shoreward  Needle 52  ft. 

In  Alum  Bay  to  junction  with  the  Tertiaries                .  227  ft. 

Total       47s  ft. 


The  Cliff  Edge  from  Freshwater  Bay  to  Scratchell's 

Bay. 

The  walk  on  the  south  side  of  High  Down  should  be  taken 
after  the  section  has  been  viewed  from  the  sea  (p.  227).  Suffice 
it  to  say  that  the  whole  of  the  exposed  surfaces  along  the  cliff 
edge  from  Freshwater  to  Sun  Corner,  with  the  exception  of  the 
little  exposure  of  Uintcurtnus-chalk  at  the  Tennyson  Beacon, 
are  in  the  zone  of  Micraster  cor-anguinum.  Here  and  there 
along  the  cliff  top  we  get  well  weathered  and  accessible  surfaces 
which  repay  the  collector.  There  are  at  least  two  paths  down 
the  cliff  which  might  result  in  good  air-weathered  surfaces.  We 
did  not  try  them. 

'  At  Tennyson's  Beacon  the  cliff  is  483  ft.  high,  and  it  is  this 
considerable  addition  to  the  altitude  which  gives  us  the  little 
exposure  in  C/infacnnus-chalk.  The  monument  itself  must 
stand  on  the  Marsupites-hajid.  Like  most  of  the  other  good 
things  in  the  chalk  of  the  Island  the  section  was  first  discovered 
by  Mr.  C.  Griffith  and  Mr.  R.  M.  Brydone,  for  the  former 
writes  that  he  found  brachials  of  Uiniacrinus  or  Marsupites  at 
this  spot.  We  obtained  a  list  of  sixteen  species  there,  including 
a  number  of  plates  of  Uintacrinus,  and  three  examples  of 
Terebratulina  rowei^  but  no  evidence  of  Marsupites  was  forth- 
coming. 

On  p.  91  of  Vol.  HI  of  the  Geological  Survey  Memoir  of  the 
Cretaceous  Rocks  we  have  the  curious  statement  that  fossils  from 
the  Micraster  cor-anguinum-zonQ  have  been  collected  from  five 
or  six  pits  along  the  top  of  the  cliffs  between  Freshwater  and 
Scratcheirs  Bay.  There  are  no  pits  along  the  south  side  of  High 
Down,  and  the  writer  must  evidently  refer  to  the  little  exposures 
along  the  edge  of  the  cliff. 

The  edge  of  the  cliff  at  Scratcheirs  Bay  is  also  well  worth  a 
visit.  At  the  highest  point,  by  the  southern  palisade  of  the  fort, 
we  found  Cardiaster pillula,  and  lower  down  the  slope  where  the 
grass  is  worn  away  we  successively  meet  with  the  fauna  of  the 
Marsupites  SLndUintacriftus-bsinds  and  the  Micraster  cor-anguinum- 
zone.  The  end  of  the  palisade  is  a  useful  guide  when  one  is  on 
the  shore  in  the  bay,  as  immediately  under  it  is  a  flintless  belt  of 
chalk  which  can  be  traced  in  its  sweep  down  to  the  point  a  few 
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yards  south-west  of  the  cement  platform  on  the  beach.  It  gives 
one  a  useful  line  as  to  the  point  at  which  one  may  begin  to 
search  for  the  highest  Marsupites  plates.  When  the  fort  was 
being  excavated  Mr.  Griffith  and  Mr.  Brydone  found  an  ample 
quadratus  fauna  there,  including  numerous  examples  of 
Cardiaster  pillula. 

The  Old  Road  at  Freshwater  Bay. 

The  position  of  the  abandoned  sea-road  on  the  east  side  of 
Freshwater  Bay  is  indicated  on  PI.  IX,  ^nd  is  shown  on  the  6-in. 
map,  while  its  truncated  end  can  be  seen  from  the  beach. 
The  cliff  has  been  cut  back  through  it  for  many  years.  It  gives 
an  admirable  line  for  the  position  of  the  Uintacrimis-hzxid  in  the 
cliff,  for  on  its  northern  side  is  a  shallow  bank-exposure  of  surface 
chalk,  and  in  it  we  found  plates  and  brachials  of  Uintacrinus 
and  three  examples  of  Terebratulina  rawei.  At  its  extreme 
seaward  limit  we  found  one  plate  of  Marsupites. 

The  Military  Road,  Freshwater. 

Time  was  when  this  section  afforded  opportunities  for  good 
collecting,  but  now  it  is  lichen  clad  and  black  with  age.  The 
road  is  joined  to  the  west  of  Compton  Chine  by  a  track  passing 
obliquely  up  to  join  the  Roman  Road  on  the  summit  of  East 
Afton  Down,  the  position  of  the  track  being  indicated  on  our 
map.  The  point  mentioned  is  a  few  yards  to  the  east  of  the 
tel^raph  post,  No.  26.  At  the  junction  with  the  track  over  the 
Down  we  find  the  zone  of  Rhynchonella  euvieri  exposed,  and 
obtain  the  name-fossil  and  Inoceramus  myiiloides.  We  fix  the 
junction  between  this  zone  and  that  of  Terebratulina  gracilis 
between  telegraph  posts  25  and  26.  Fossils  are  very  scarce  in  the 
graa'/is-beds,  but  we  collected  the  name-fossil,  Pentacrinus  agassizi 
and  Terebratula  semiglobosa.  We  here  found  the  siliceous 
nodules  which  form  so  remarkable  a  feature  on  the  shore  (p.  218). 
At  telegraph  post  25  the  "spurious  Chalk  Rock"  sinks  to  the 
level  of  the  road,  and  we  fix  the  junction  of  the  zones  of 
Terebratulina  gracilis  and  Holaster  planus  at  the  second  marl- 
band  above  the  "spurious  Chalk  Rock,"  as  on  the  shore. 
The  marl-band  immediately  below  this  is  the  layer  of  black  marl 
originally  described  by  Dr.  Barrois*  and  subsequently  noted  by 
Mr.  Jukes-Browne.  This  "  black  marl-band,"  though  doubtless 
of  that  colour  when  the  road  was  first  cut,  is  now,  by  reason  of 
contact  with  the  spray-laden  winds,  not  different  in  colour  to 
any  of  the  other  marl-bands  in  the  section.  The  junction  marl- 
band  falls  to  the   level  of  the  road    between    the   telegraph 

*  BibU  EcoU  HauUs  Etudes,  xlil,  1873,  p.  19* 
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posts  24  and  25,  but  nearer  to  the  former.  We  found  the 
distinctive  bryozoon,  Bicavea  roia/ormisy  in  the  same  position 
as  on  the  shore,  both  in  the  flinty  and  flintless  chalk.  The 
section  yielded  a  fair  list,  including  Holaster  planus^  Micraster 
cor-dovis,  Micraster  leskei,  Micraster  frcecursor^  Echinocarys 
scutatus  var.  gtbims^  Hemiaster  minimus^  Pentacrinus  as^assizi^ 
Tertbratula  carnea^  Rhynch9ndla  plicatilis  and  Rhynckonella 
cuvieri. 

The  contact  between  the  zones  of  Holaster  planus  and 
Micraster  cor-testudinarium  is  found  at  the  marl- band  which  cuts 
the  road-hne  thirty-two  paces  west  of  telegraph  post  No.  24. 
There  are  here  seen  two  marl-bands,  but  they  look  more  than 
i^  ft.  apart,  as  at  Watcombe  Bay.  Micraster  cor-testudinarium ^ 
Micraster  prcecursor^  and  Echinocarys  scutatus  var.  gibbus  were 
here  collected. 

We  obtain  a  junction  between  the  zones  of  Micraster 
cor-testudinarium  and  Micraster  cor-anguinum  by  finding  the 
marl-band  6|  ft.  above  the  first  of  the  paired  tabular  flint  bands, 
and  we  trace  this  marl-band  to  the  level  of  the  road  at  a  spot 
twenty-seven  paces  west  of  telegraph  post  No.  22. 

The  remainder  of  the  western  end  of  this  road  section  is  cut 
in  the  zone  of  Micraster  cor-anguinum,  for  we  carefully  examined 
it  from  telegraph  post  No.  17  to  the  end  of  the  exposure,  and 
failed  to  find  any  trace  of  Uintacrinus,  We,  however,  collected 
Micraster  cor-anguinum,  Echinoconus  vulgaris,  and  the  character- 
istic shape-variation  of  Echinocorys, 

It  would  have  been  impossible  to  have  attempted  to  zone  this 
section  without  the  aid  of  Micraster.  By  careful  collecting  we 
obtained  thirty  examples  of  this  urchin,  and  were  enabled  not 
only  to  demonstrate  the  typical  zonal  forms,  but  also  the  passage 
forms  linking  up  the  facies  of  the  several  zones. 

Dr.  Barrois  (op,  cit,  p.  22),  Mr.  Strahan  {op,  cit,  p.  82),  and 
Mr.  Jukes-Browne  {op,  cit,  vol.  iii,  p.  90)  give  a  description  of 
this  section,  the  two  latter  with  detailed  measurements,  and 
Dr.  Barrois  and  Mr.  Jukes-Browne  with  diagrams ;  but  none  of 
them  have  made  an  attempt  to  define  the  boundaries  of  the  zones 
by  zoological  data. 

The  position  of  the  Military  Road  is  indicated  in  the  upper 
division  of  PI.  B.  by  the  telegraph  posts,  which  are  numbered 
from  fourteen  to  twenty-seven.  The  position  of  several  of  these 
posts  in  relation  to  the  zones  does  not  correspond  with  our 
description  in  the  text.  As  the  actual  posts  are  numbered,  no 
difficulty  on  this  score  will  arise  in  the  field. 

Culver  Cliff. 

It  is  well  to  state  that,  to  all  intents  and  purposes,  the  extreme 
southern  point  of  the  Culver,  at  the  Nostrils,  is  inaccessible  on 
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foot  from  Sandown  Bay.  The  boatmen  tell  us  that,  in  point  of 
fact,  there  are  about  ten  occasions  in  the  year  when  the  headland 
can  be  passed  on  foot,  but  to  do  that  there  must  be  no  on- 
shore wind  and  the  sea  must  be  quiet  One  can  land  at  the 
Nostrils  on  a  calm  day,  but  the  boatmen  will  not  do  so  if  any 
swell  exists.  Except  for  this  extreme  point,  the  whole  of  the 
section  from  Sandown  Bay  to  WhitecUff  Bay  may  readily  be 
examined  at  low  tide ;  but  to  investigate  the  Nostrils  section  in 
comfort  a  really  low  tide  should  be  chosen,  as  this  will  obviate 
the  necessity  for  climbing  over  steep  and  seaweed-covered  rocks. 
For  ease  in  reference  we  divide  the  Culver  into  the  Southern 
Cliff,  which  extends  from  Sandown  Bay  to  the  southern  side  of 
the  Nostrils ;  the  Eastern  Cliff,  which  takes  in  that  portion  from 
the  Nostrils  to  the  south-east  comer  of  Whitecliff  Bay ;  and  the 
White  Cliff,  which  is  seen  only  in  Whitecliff  Bay. 


On  Culver  Down. 

The  walk  over  the  top  of  Culver  Down  is  interesting,  though 
by  no  means  so  instructive  as  that  from  Freshwater  to  the 
Needles.  Numerous  small  patches  at  the  cliff  edge,  and  slipped 
faces  further  back,  give  an  indication  of  the  zone.  Practically 
all  these  surfaces  on  the  Southern  Cliff,  as  far  as  the  White 
Horse,  are  in  the  zone  of  Micraster  cor-anguinum.  It  will  be 
remembered  that  the  same  thing  occurred  all  along  High  Down, 
from  Freshwater  to  Sun  Corner,  and  the  reason  for  this  is 
obvious  when  we  examine  the  section  from  a  boat.  Quite 
recently  a  Marconigraph  station  has  been  erected  to  the  south  of 
the  Earl  of  Yarborough's  monument,  and  in  front  of  it  is  a  large 
heap  of  chalk  tipped  from  the  excavations  for  the  same.  An 
examination  of  the  chalk  yielded  several  plates  of  MarsupiUs, 
If  the  eye  be  carried  from  this  building  to  the  position  of 
Bembridge  Fort,  and  thence  to  pit  No.  40,  an  excellent  line  will 
be  obtained  for  the  position  of  the  Marsupites-zow^,  A  reference 
to  the  section  of  the  paper  devoted  to  the  pits  (p.  259),  will  show 
that  part  of  the  chalk  tipped  from  the  excavation  for  Bembridge 
Fort  is  found  in  pit  No.  15.  The  wire  cables  which  we  see  on 
the  shore  are  the  earth-cables  of  the  Marconigraph. 

The  War  Office  has  taken  over  the  whole  of  the  end  of  the 
chalk  Down  overlooking  Whitecliff  Bay,  and  the  remainder  of 
the  Head  almost  up  to  the  Marconigraph  station ;  so  that  in  the 
near  future  this  area  will  be  incapable  of  examination.  A  trench 
has  been  cut  from  a  point  south  of  the  semaphore  in  a  south- 
easterly direction  to  the  cliff  edge.  At  the  upper  part  of  this 
trench  the  two  pairs  of  greenish-red  nodule-beds,  which  are  such  a 
conspicuous  feature  on  the  shore,  are  seen  associated  with  the 
two  tabular  bands  oif  flint  and  the  four  marl-seams.    Among  the 
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upper  nodule-beds  we  found  two  perfect  examples  of  Echinocorys 
scutatus  of  the  shape-variation  distinctive  of  the  Actinocamax 
quadratus'zoii^  \  while  at  the  seaward  end  of  the  trench  we 
collected  an  example  of  Echinocorys  of  the  shape-variation 
belonging  to  the  Micraster  cor-anguinum-Txya^^  Echinoconus 
vulgaris^  and  Micraster  ror-anguinum.  The  trench  extends, 
therefore,  from  the  Micraster  cor-anguinum-zone  to  that  of 
Actinocamax  quadratus.  We  examined  the  intermediate  chalk 
for  plates  of  Marsupites  and  UintacrinuSy  but  without  result,  for 
the  reason  that  the  trench  was  so  recent  that  weathering  had  not 
yet  had  time  to  take  place.  We  also  searched  the  cliflf  edge  for 
Uintacrinus,  but  there  were  no  bare  spots  where  that  fossil  should 
appear;  while,  in  any  case,  it  is  doubtful  if  the  cliff  is  high 
enough  to  take  in  the  whole  thickness  of  the  zone  of  Micraster 
cor-anguinum. 

Some  useful  collecting  in  the  zone  of  Micraster  cor-anguinum 
may  be  obtained  in  the  bare  surfaces  at  the  cliff  edge,  and  we 
would  particularly  mention  one  broad  surface  leading  down  to  a 
path  hewn  behind  the  ledge  to  the  Hermit's  Hole,  which  is  a 
cave  in  the  upper  part  of  the  cliff.  Those  who  utilise  this  narrow 
path  should  remember  that  sheep  often  stray  down  it.  The 
boatmen  tell  us  that  this  fact  bears  with  it  an  unexpected  danger, 
for  the  sheep,  frightened  by  the  sound  of  footsteps,  will  rash  up 
the  path  and  would  readily  thrust  a  man  over  the  edge  into  the 
sea.  They  say  that  the  course  which  they  invariably  adopt  is  to 
open  the  legs  wide  and  to  allow  the  sheep  to  get  past  in  that 
way.  There  is  a  footpath  to  the  shore  at  Whitecliff  Bay, 
which  passes  over  the  junction  of  the  Chalk  with  the  Tertiaries, 
a  fact  of  which  one  hardly  needs  to  be  reminded  when  making 
the  descent  on  a  wet  day.  We  can  also  reach  this  bay  from 
Sandown  by  taking  the  road  through  Yaverland  and  then  striking 
the  footpath  which  skirts  the  northern  side  of  the  Down, 


The  Culver  Section. 

We  take  the  beds  in  ascending  order  as  they  are  exposed  in 
the  Southern  Cliff,  the  Eastern  Cliff,  and  in  the  White  Cliff.  The 
section  can  be  reached  by  walking  along  the  shore  from  Sandown, 
or  by  following  the  cliff  path  until  a  point  is  reached  some 
250  yards  west  of  the  base-line  of  the  chalk  on  our  map,  where 
there  is  a  path  to  the  shore  over  the  Greensand.  Arriving  on  the 
shore  we  note  that  there  is  a  boss  of  Upper  Greensand,  which 
projects  from  the  cliff,  with  a  deep  gully  in  it.  This  feature  is 
worth  noting,  as  it  is  there  that  one  may  readily  be  caught  by 
the  tide.  An  exactly  similar  Greensand  obstruction  exists  at 
Compton  Bay,  and  we  have  had  to  wait  there  for  two  hours 
while  the  beach  beyond  was  lying  high  and  dry.     Passing  over  a 
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fine  exposure  of  Chalk  Marl  and  Grey  Chalk  with  ledges  of  the 
same  running  out  in  trough-like  reefs,  we  reach  a  good 
section  of  the  Actinocamax  p/enus-marls.  Though,  according  to 
the  Geological  Survey  Memoir,  they  are  not  supposed  to  contain 
the  belemnite,  we  found  one,  together  with  a  tooth  of  Ptychodus 
decurrens.     At  this  point  our  work  begins. 

With  the  data  obtained  at  the  west  end  of  the  island  fresh  in 
mind,  it  will  be  well  to  make  a  rapid  traverse  of  the  section  on 
foot  as  far  as  the  tide  will  allow  us  to  go,  and  to  the  information 
gained  by  that  means  add  the  clearer  perspective  gained  by 
viewing  it  from  a  boat. 

Starting  from  the  plenus-mdix\s  it  soon  becomes  abundantly 
clear  that  not  a  single  junction  will  be  obtained  in  the  Southern 
Cliflf.  And  the  reason  for  this  is  obvious  in  that  only  the 
last  800  ft.  of  this  cliff  is  free  from  falls,  while  even  this 
part  is  tide-washed  and  obscured  by  seaweed.  Several  of  the 
falls  are  of  considerable  magnitude  and  there  is  a  steep  turf-clad 
slope  above  them,  notably  the  large  one  immediately  to  the  east 
of  the  cables,  which  measures  some  300  ft.  across.  It  is  only  by 
climbing  up  these  steep  slopes  that  we  can  hope  to  collect  in  sitii 
from  the  zone  of  Holaster  planus  and  from  the  top  of  that  of 
Ttrebratulina  gracilis.  Moreover,  there  is  only  one  point  at 
which  the  zone  of  Micraster  cor-tesiudinarium  can  be  reached, 
and- that  is  from  the  top  of  one  of  these  slopes,  but  the  climb 
is  too  risky  to  be  attempted  lightly.  At  Compton  Bay  the 
"  spurious  Chalk  Rock "  formed  a  notable  feature  in  the  cliff, 
but  here,  at  the  time  of  our  visit,  we  were  unable  to  see  it  from 
the  shore,  and  could  rarely  fix  its  position  even  when  we  had 
climbed  to  the  top  of  the  talus.  The  "  black  marl-band,"  as  at 
Compton  Bay,  is  nowhere  visible  as  such,  though  we  can  define 
its  position,  as  well  as  that  of  the  "  grey  marl-band "  and  the 
"  ^/Vawfl-bed,"  All  these  features  can  be  reached  in  siiit  by 
climbing.  On  the  whole,  the  eastern  cliffs  of  the  Island  compare 
unfavourably  with  the  western,  and  had  we  not  been  able  to 
obtain  zonal  junctions  in  the  latter,  we  should  have  had  here 
much  difficulty  in  even  guessing  at  the  thickness  of  the  various 
zones. 

We  now  view  the  section  from  a  boat,  starting  as  before  from 
the  outcrop  on  the  shore  of  the  plenus-mBxXs.  The  parallelism 
between  this  and  the  grand  cliff  between  Freshwater  and  Sun 
Corner  is  clearly  brought  out.  We  note  that  the  zone  of 
Micraster  cor-anguinum  comes  into  the  top  of  the  cliff  immediately 
above  the  outcrop  on  the  shore  of  the  ^/if«i^j-marls,  and  from  this 
point  to  the  Hermit's  Hole  it  is  plainly  distingyished  as  a  thick 
white  cap  to  the  cliffs.  If  this  zone  measures  anything  like  the 
300  ft.  which  is  the  average  of  the  measurements  of  the  two 
sections  at  Freshwater  Bay  and  Scratchell's  Bay,  then  it  is  clear 
that  not  only  is  there  no  chance  of  getting  Uintacrinus  at  the  top 
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of  the  Southern  Cliff,  but  that  the  cliffs  are  not  high  enough  to 
bring  in  the  whole  thickness  of  the  zone  in  question. 

Below  this  cap  of  white  chalk  we  readily  distinguished  the 
nodular  and  reddish  beds  of  Micraster  cor-testudinarium^  the 
greyer  and  smoother  beds  of  Holaster  planus^  and  the  white 
and  flintless  chalk  of  the  zones  of  Terebratulina  gracilis  and 
Rhynchonella  cuvieri.  As  we  near  the  Nostrils  it  is  evident  that 
the  lower  beds  of  Holaster  planus  fall  to  the  shore  long  before 
we  come  to  the  end  of  this  Southern  Cliff,  and  that  the  Micraster 
cor-testudinarium-zon^  can  alone  be  worked  for  a  short  distance 
west  of  the  Nostrils  and  at  the  Nostrils  themselves.  In  support 
of  this  view  we  may  mention  that  we  afterwards  walked  almost 
to  the  end  of  the  Southern  Cliff,  and  there  obtained  examples  of 
both  Micraster  cor-testudinarium  and  Micraster  prcecursor.  There 
is  really  no  difficulty  in  reaching  this  point  at  low  tide,  for  the 
farther  one  goes  the  better  is  the  foothold,  in  that  the  rocks  are 
rough  with  barnacles  and  calcareous  algae. 

It  is  clear  as  we  round  the  Shag  Rock  that  both  Nostrils  are 
formed  in  the  zone  of  Micraster  cor-testudinarium^  and  that  the 
contact  with  the  zone  of  Micrc^ter  cor-anguinum  occurs  at  the 
junction  of  the  northern  Nostril  with  the  southern  side  of  the 
projecting  cliff  called  the  White  Horse.  Passing  to  the  north 
side  of  the  White  Horse  we  note  that  there  is  a  little  bay,  in 
the  middle  of  which  is  a  recent  fall,  while  at  its  southern  end  we 
see  a  feeble  imitation  of  the  Grand  Arch  at  Scratchell's  Bay  cut, 
curiously  enough,  in  the  Micraster  cor-anguinum-zone^  as  in  the 
latter  locality.  The  cliff  then  advances  to  the  east  and  becomes 
higher,  and  we  note  the  four  lines  of  yellow  and  green  nodules  arid 
the  belt  of  flintless  chalk  associated  with  them.  Then  the  cliff 
recedes  again,  forming  a  long  and  shallow  bay  which  terminates 
in  a  projecting  ledge  running  out  to  the  east.  Rounding  this 
comer  we  complete  our  inspection  of  the  Eastern  Cliff,  and  enter 
that  of  Whitecliff  proper.  Here  the  cliff  turns  round  sharply  to 
the  north-west,  and  we  obtain  a  view  of  the  junction  of  the  Chalk 
with  the  Tertiaries.  These  are  the  main  features  to  be  noted 
from  the  sea,  and  these  will  be  expanded  and  coupled  with  the 
necessary  zoological  data  when  we  review  the  section  seriatim 
on  foot. 

Zone  of  Rhynchonella  cuvieri. 

We  now  start  once  more  from  the  point  on  the  shore  which 
we  left  to  enter  the  boat — the  outcrop  of  the  plenus-msirls. 
Passing  to  the  east  we  traverse  a  long  and  splendidly-weathered 
section  in  the  zone  of  Rhynchonella  cuvieri^  better  exposed  even 
than  in  Compton  Bay,  and,  indeed,  never  more  adequately 
displayed  anywhere  on  the  English  Coast.  Unfortunately,  a 
fall  occurs  at  the  very  spot  where  we  should  obtain  a  junction 
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with  the  zone  of  Terebratulina  gracilis^  and  as  the  fall  is  extensive 
it  entirely  prevents  any  attempt  at  obtaining  a  zonal  measurement. 
The  thickness  of  this  zone  at  Compton  Bay  is  87  ft.  4  ins.,  and 
we  have  no  reason  to  think  that  it  is  any  less  at  the  Culver. 

Finely  as  this  zone  is  displayed  it  is  not  a  rich  exposure 
for  collecting,  as  we  only  obtained  thirty-seven  species.  In 
this  respect  it  compares  unfavourably  with  the  sections  at  Dover 
and  Beer  Head.  The  name-fossil  and  Inoceramus  mytiloides  are 
abundant,  and  among  the  usual  characteristic  fossils  of  this  zone 
we  are  able  to  record  Dtscoidea  dixoni^  Cardiaster  pygmauSy 
Cardiasier  cretaceus^  Hemiasier  minimus^  Cyphosoma  radiaium^ 
Salenia  granulosa^  Ammonites  peramplus,  the  usual  shape- 
variation  of  Ostrea  vesicularis  and  Serpula  avita.  We  searched 
in  vain  for  Echinoconus  subrotundus,  Echinoconus  castanea  and 
Glyphocyphus  radiatus.  The  exposures  in  South  Dorset  were  so 
poor  that  it  is  hardly  fair  to  compare  them  with  these,  but  we 
may  mention  that  both  Echinoconus  subrotundus  and  Echinoconus 
castanea  were  obtained  there  and  that  Glyphocyphus  radiaius 
was  not  found.  As  we  can  obtain  no  junction  here  with  the 
gfraci/iS'beds  we  have  not  attempted  to  give  an  incomplete 
measurement  of  the  Rhynchonella  cutneri-zxm^. 

There  is  no  Melbourn  Rock  or  grit-bed  here.  Indeed,  the 
lower  part  of  the  zone  is  made  up  of  hard,  smooth,  greyish  chalk, 
with  grey  marl-bands  every  two  or  three  feet,  and  Inoceramus 
mytiloides  is  quite  rare  in  the  lower  to  to  15  ft. 


Zone   of  Terebratulina  gracilis. 

Normally,  no  doubt,  the  gracilis-ht6s  are  here  well  displayed 
and  of  considerable  linear  extent,  but  when  we  examined  them  in 
1905  they  were  interrupted  in  several  places  by  falls,  so  that  it  was 
impossible  to  even  attempt  any  measurements.  There  is  a  small 
exposure  of  this  chalk  in  sitH  immediately  to  the  east  of  the 
cables,  but  this  is  the  last  that  we  see  of  it,  for  it  is  then  covered 
by  the  big  300  ft.  fall. 

A  contact  with  the  zone  of  Holaster  planus  can  be  reached 
by  climbing  up  the  steep  talus,  and  such  of  the  gracilis<h3Xk 
as  is  here  exposed  is  in  good  order  for  collecting,  though  the 
surfaces  are  by  no  means  so  extensive  as  in  Compton  Bay. 
At  the  latter  locality  we  obtained  a  list  of  sixty-three  species, 
but  here  we  had  to  be  content  with  forty-three,  and  these  found 
only  by  tedious  climbing  up  the  steep  talus.  One  feature  we 
searched  for  diligently,  but  in  vain — the  siliceous  nodules  peculiar 
to  this  zone  (p.  218).  Whether  they  were  covered  up  by  a  fall, 
or  whether  they  are  non-existent,  we  know  not.  In  any  case,  our 
faith  in  the  persistence  of  lithological  features  in  this  island  is  of 
the  feeblest,  so  it  would  not  surprise  us  to  find  that  they  were 
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actually  absent.  The  "spurious  Chalk  Rock"  could  not  be 
traced  in  the  cliflf  save  for  one  short  exposure  of  a  few  feet,  for 
at  the  level  at  which  it  should  occur  the  chalk  is  much  obscured 
by  grass  and  talus ;  but  that  it  does  exist  in  its  normal  position  is 
made  clear  by  finding  it  in  fallen  blocks  on  the  shore. 

As  at  Compton  Bay  we  note  here  a  complete  absence  of 
Inoceramus  mytiloides  in  this  zone,  and  in  place  of  it  we  find 
Inoceramus  lamarcki^  and  more  rarely  Inoceramus  brongniarti* 
In  the  upper  part  of  this  zone  Holaster  planus  is  rather  common, 
and  Discoidea  dixoni  is  not  infrequently  found  in  the  lower  part. 
The  name-fossil  is  only  seen  on  air-weathered  surfaces  well  out  of 
reach  of  the  waves. 


Zone  of  Holaster  planus. 

If  the  ;?ra«V/j-chalk  be  badly  exposed,  what  shall  we  say  ot 
the  zone  under  discussion?  In  1905  the  junction  with  the  zone 
of  Terebraiulina  gracilis  was  buried,  and  the  only  exposure  of 
Holaster  //rt««j-chalk  was  immediately  to  the  east  of  the  last  big 
fall,  and  some  100  yards  east  of  the  earth-cables.  We  find  at 
this  spot  the  lowest  beds  of  the  zone,  for  the  lowest  flint-line  and 
the  **  Bicavea-)^^^ "  are  seen  with  the  "  grey  marl-band  "  below 
them.  Neither  the  "  black  marl-band  "  nor  the  "  spurious  Chalk 
Rock  "  are  exposed.  By  climbing  up  the  turf-clad  slopes  we  can 
at  several  spots  reach  the  contact  of  this  zone  with  the  gracilis- 
beds,  and  the  "  Bicavea-bed  "  can  often  be  worked  in  situ^  while 
at  one  place  we  managed  to  get  well  up  into  the  upper  part  of 
the  zone;  but  nowhere  could  we  reach  a  really  accessible 
junction  with  the  chalk  of  Micraster  cor-testudinarium.  The 
colour  of  the  Holaster  flanus-h^d  is  not  so  grey  as  in  Dorset, 
and  it  is  here  certainly  less  nodular  than  the  chalk  of  the  over- 
laying zone ;  while  we  should  also  say  in  addition  that  it  is  less 
nodular  than  usual. 

One  of  the  chief  points  of  lithological  interest  lies  in  the  fact 
that  the  flints  of  the  lowest  flint  course  are  often  imperfectly 
silicified.  Though  this  is  by  no  means  universally  the  case,  it  is 
sufficiently  often  so  to  be  notable.  There  is  no  Chalk  Rock 
here  in  the  true  lithological  sense,  and  it  is  equally  absent 
zoologically,  tor  even  the  ever-present  Fleurotomaria  perspectiva 
and  Turbo  gemmatus  were  for  once  missing,  both  here  and  at 
Compton  Bay.  We  found  the  latter,  however,  in  the  base  of  the 
zone  of  Micraster  cor-testudinarium  at  Watcombe  Bay. 

The  blocks  from  this  zone  on  the  falls  are  equally  numerous 
and  well  weathered,  so  that  those  who  do  not  possess  a  zoological 
conscience  to  trouble  them  about  zonal  differentiation  will  find  a 
rich  harvest  here.  The  richness  is,  however,  more  in  the  direction 
of  number  than  variety.  The  few  additions  which  we  made  to 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  4,  1908.]  18 
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our  list  from  fallen  blocks  were  taken  with  great  care,  and 
nothing  was  entered  unless  the  indication  as  to  zone  was  placed 
beyond  doubt  by  definite  zoological  evidence.  We  obtained  a 
list  of  sixty-six  species  as  against  sixty-nine  at  Compton  Bay. 
The  name-fossil,  Micraster  cor-bavis^  Micraster  leskei,  Micraster 
pracursor^  Echinocorys  scutatusv2LX,gibbus^  and  Pentacrinus  agassizi 
are  fairly  abundant ;  while  the  customary  brachiopods,  Terebratula 
camea,  Terebratula  semiglobosa^  Rhynchonella  cuvieri^  and 
Rhynchonella  reedensis  are  well  represented.  Our  only  rarity 
consisted  of  Pecten  pexatus,  which  we  also  found  at  Compton 
Bay. 

Zone  of  Micraster  cor-testudinarium. 

As  we  have  previously  indicated,  this  zone  cannot  be  worked 
in  sM,  even  on  the  grass  slopes,  and  is  only  accessible  on  the 
shore-line  at  a  point  very  near  the  eastern  extremity  of  the 
Southern  Cliff.  The  surface  at  the  last  locality  is  very  poor  and 
has  a  worm-eaten  appearance,  and  is  only  useful  in  defining  the 
position  of  the  zone.  We  noted  that  the  most  easterly  exposure 
oi  Holaster  planuS'ChdXk  was  situated  loo  yards  east  of  the  earth- 
cables  ;  then  follows  a  small  fall  of  large  sea- weed  covered  blocks, 
and  finally  the  sheer  surface  of  Micraster  cor-testudinarium-ch^Xky 
which  extends  to  the  extreme  end  of  the  section,  opposite  the 
Shag  Rock. 

The  junction  with  the  Holaster planus-iont,  is  quite  inaccessible 
and  occurs  in  the  sheer  surface  of  the  Southern  Cliff  towards  its 
eastern  extremity,  and  we  searched  in  vain  for  the  two  beds  of 
marl,  i  ft.  6  ins.  apart,  which  mark  the  zonal  junction  so  clearly 
in  the  bays  of  Watcombe  and  Freshwater. 

When  we  visited  the  Nostrils  we  were  favoured  with  a  26  ft. 
tide  and  a  calm  day,  and  had  no  difficulty  in  making  a  lengthy 
examination  of  this  section  on  foot  from  Whitecliff  Bay.  By 
climbing  up  the  ledge  on  the  southern  side  of  the  seaward 
Nostril  we  collected  some  excellent  examples  of  Micraster  cor- 
testudinarium  with  "strongly  sub-divided"  ambulacra.  It  is 
clear  that  on  this  ledge  we  are  well  within  the  zone  under 
discussion  and  not  near  its  lower  boundar>'..  In  the  roof  of  the 
southern  Nostril  we  found  a  band  of  Membranipora  about  a  foot 
thick.  We  had  previously  noted  it  on  the  falls,  referring  it  to  its 
proper  horizon  by  means  of  associated  Micrasters,  but  were  very 
pleased  to  be  able  now  to  localise  it  so  exactly.  The  southern 
Nostril  is  entirely  in  this  zone,  and  the  junction  with  the  beds  of 
Micraster  cor-anguinum  may  be  placed  at  the  point  where  the 
out-jutting  cliff  called  the  White  Horse  joins  the  surface  in  which 
the  northern  Nostril  is  cut. 

There  are  here  none  of  the  lithological  features  on  which  we 
rely  at  Watcombe.    There  is  no  marl-band  and  no  pair  of  tabular 
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flint  bands  i  ft.  apart,  followed  by  a  conspicuous  belt  of  flintless 
chalk  I  ft.  3  ins.  in  thickness.  Their  absence  is  not  a  source  of 
surprise.  It  is  difficult  to  find  an  accurate  junction  here  because 
Micrasters  are  rare.  At  Watcombe  Bay  we  had  abundant 
evidence  of  this  nature,  and  it  will  be  remembered  that  there  we 
placed  the  junction  in  such  a  way  that  some  lo  ft.  of  nodular 
chalk  was  included  in  the  zone  of  Micrasier  cor-anguinum.  If 
we  do  the  same  here  we  may  take,  as  at  ScratchelFs  Bay,  a  strong 
tabular  flint  band  as  our  boundary  line.  The  two  Micrasters 
which  we  found  in  the  lowest  bed  of  nodular  chalk — a  bed 
crowded  with  fragments  of  Inoceramus  lamarcki — had  no  base, 
and  were  so  eroded  by  long  exposure  as  to  be  almost 
indeterminable.  In  favour  of  taking  the  strong  tabular  flint  band 
as  the  upper  boundary  of  this  zone,  we  have  the  fact  that  in  the 
white  and  smooth  chalk  but  a  few  feet  above  it  we  found  Epiaster 
gibbus^  and  it  is  very  unusual  to  see  this  urchin  below  the  level  of 
the  Micraster  coranguinum-zone. 

We  do  not  pretend  to  have  made  a  list  from  this  section,  and 
anyone  who  visits  the  Nostrils  will  appreciate  the  reason  for  our 
reticence.  The  discovery  of  Micraster  cor-testudinarium  is 
sufficient  evidence  for  us  in  such  a  section,  and  we  are 
abundantly  satisfied  to  have  obtained  data  of  so  convincing  a 
nature.  The  thickness  of  the  zone  is  difficult  to  estimate,  for  the 
reason  that  the  junction  with  the  Holaster  pianus-zone^  being  in 
the  sheer  surface  of  the  Southern  Cliflf,  is  inaccessible. 


Zone  of  Micraster  cor-anguinum. 

Here  again  we  have  no  chance  of  obtaining  any  definite 
measurement,  by  reason  of  the  fact  that  a  fresh  fall  has  occurred 
in  the  little  bay  on  the  north  side  of  the  White  Horse.  The 
little  bay  is  indicated  on  the  6 -inch  map  by  the  space  between 
the  words  "WhiteclifT  Ledge"  and  ** White  Horse."  This  fall 
had  caused  the  chalk  on  either  side  of  it  to  be  so  obscured  by 
dust  that  the  section  in  the  area  is  quite  unworkable.  Our  list  is 
of  necessity  a  meagre  one,  and  we  can  only  record  twenty-six 
species.  Among  them  we  may  mention  the  name-fossil,  the 
typical  shape-variation  of  Echinocorys  belonging  to  the  zone, 
Epiaster  gibbus^  the  long  columnar  of  Baurgueticrinus^*  and 
sheets  of  Inoceramus  cuvieri. 

We  obtained  a  measurement  of  310  ft.  at  Scratchell's  Bay, 
278  ft  at  Freshwater  Bay,  which  we  may  roughly  average  at 
300  ft.,  and  we  should  say  that  there  is  quite  that  amount  exposed 
at  the  Culver  on  the  reefs. 

•  "  White  Chalk  of  the  English  Coast.    Part  I,"  Proc,  Geol.  Assoc,,  xvl  (d),  zooo 
PI.  vUi,  Fig.  9.  f         >  /     »-- 
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Zone  of  Marsupites  testudinarius. 
(z)  Uintacrinus-band. 

This  sub-zone  is  fairly  well  exposed  and  free  from  seaweed, 
the  name-fossil  is  reasonably  abundant  and  easy  to  see,  so  that  it 
is  difficult  to  understand  why  this  should  be-the  first  record  of  its 
existence  in  this  section.  We  got  a  moderately  close  contact 
with  the  MarsupiteS'hznd  above,  and  traced  it  in  the  lower 
direction  until  we  met  with  the  area  rendered  dusty  and  unwork- 
able by  the  fall  already  mentioned.  The  measurement  which  we 
give  is  53  ft,  as  against  34  ft.  6  ins.  at  Scratcheirs  Bay.  Our 
list  is  naturally  but  a  poor  one,  numbering  twenty-nine  species  in 
all,  but  included  in  it  we  record  the  characteristic  pyramidal 
shape  variation  of  Echinocorys^  the  barrel-shaped  columnar  of 
BourgueticrinuSj  Terebratulina  rowei^  and  Caryophyllia  cylin- 
dracea.     It  only  remains  to  say  that  the  flint  courses  are  abundant. 

Mr.  Jukes-Browne  (op,  at.  vol.  iii,  p.  92)  mentions  the 
scarcity  of  flints  as  being  characteristic  of  the  Marsupiies-uone. 
As  Uintacrinus  has  until  now  been  undiscovered,  it  is  obvious 
that  he  there  refers  to  the  Marsupites-hdSid  only ;  but  we  shall 
show  that  this  statement  does  not  hold  good  for  this  sub-zone 
at  Downend  Pit,  at  pit  No.  40,  and  at  the  bays  of  Freshwater 
and  Scratchell  (pp.  224  and  230). 

(2)   The  Marsupites-band. 

So  far  as  we  know,  this  is  also  the  first  record  for  this  crinoid 
at  Culver  Cliff,  for  Mr.  W.  Hill  does  not  mention  it,  and 
Mr.  Griffith  informs  us  that  he  and  Mr.  Brydone  failed  to  find  it 
when  they  examined  this  section.  Indeed,  anyone  might  readily 
be  excused  for  overlooking  it,  for  the  lower  part  of  the  area  in 
which  it  is  contained  is  much  obscured  by  seaweed,  and  our  few 
plates  were  collected  in  the  upper  portion  of  the  subhzone  alone. 

The  thickness  obtained  for  the  Marsupites-hsLnd,  so  far  as  it 
goes,  is  reasonably  accurate,  but  the  upper  and  lower  boundaries 
are  confessedly  nebulous,  in  that  the  seaweed  prevents  accurate 
observations  being  made.  We  cannot,  however,  be  far  out  with 
the  latter,  as  we  found  a  body-plate  of  Uintacrinus  on  a  flint  not 
far  from  the  lowest  Marsupites  plate,  and  we  take  that  as  the  base 
line.  We  found  Marsupites  plates  on  the  lower  side  of  the 
lowest  nodule-bed,  and  Actinocatnax  granulatus  4  ft.  above  it,  so 
that  the  contact  with  the  quadratus-<^2iSiL  is  quite  a  close  one ; 
for  we  know  that  both  in  Dorset  and  this  island  the  belemnite 
in  question  occurs  only  in  the  extreme  base  of  the  zone  of 
Actinocatnax  quadratus. 

We  now  enter  that  interesting  area  described  by  Mr.  Whitaker 
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in  1865,  and  quoted  by  Mr.  Jukes-Browne  on  p.  93  of  the  Geo- 
logical Survey  Memoir  on  the  Cretaceous  Rocks,  vol.  iii, 
"  Here,  in  the  midst  of  the  chalk,  with  layers  of  flint  at  every 
3  or  4  feet,  is  a  space  some  40  or  50  ft.  thick,  with  only  one  thin 
seam  of  tabular  flint,  but  with  four  lines  of  green-coated  nodules 
like  those  of  the  Chalk  Rock,  but  perhaps  of  a  deeper  colour." 
This  area  is  so  remarkable  that  we  propose  to  give  detailed 
measurements  of  it,  and  to  show  that  the  lowest  nodule-bed  is  in 
the  MarsupifeS'baind,  and  that  the  rest  of  the  area  belongs  to  the 
base  of  the  zone  of  Actinocamax  quadratus.  Mr.  Jukes-Browne 
{op.  ciL  vol.  iii,  p.  322),  refers  to  these  nodules  as  being  in  the 
upper  part  of  the  zone  of  Micraster  cor-anguinum  ;  but  in  a  foot- 
note on  the  same  page  he  says  that  they  are  most  probably  in 
that  of  Marsupites. 

It  will  be  remembered  that  at  Ballard  Head  (Part  II,  Dorset, 
P'  35)»  ^^  found  two  yellow  nodular  bands.  Fossils  are  so  rare 
in  that  crushed  and  altered  chalk  that  it  is  quite  impossible  to 
fix  the  exact  position  of  these  bands,  but  it  is  probable  that  they 
are  much  higher  up  in  the  quadratus-choWi  than  those  at  the 
Culver. 

DETAILS    OF    THE    FLINTLESS    AREA    AND    THE 


NODULE    BEDS. 

(4th.)  Nodule-bed 

Thin  marl-seam  to  nodule-bed . 

Nodule-bed  to  thin  marl-seam  . 
(3rd.)  Nodule-bed 

Thin  marl-seam  to  nodule-bed. 

Thin  marl-seam  to  thin  marl-seam    . 

Thin  marl-seam  to  thin  marl-seam   . 

Tabular  fiint  band  to  thin  marl-seam 

Tabular  flint  band  to  tabular  flint  band 

Nodule-bed  to  tabular  flint  band 
(2nd.)  Nodulc-bed 

Hardened  chalk        .... 
(ist.)   Lowest  nodule-bed   .... 


Ft.  In. 
I     6 


Total     . 


38     3 


Both  below  the  lowest  nodule-bed  and  above  the  highest 
nodule-bed  there  is  about  10  ft.  of  flintless  chalk,  while  outside 
this  area,  both  in  its  upper  and  lower  limits,  the  chalk  is  seamed 
with  frequent  courses  of  flint. 

To  return  to  the  Marsupiies-hsin^.  We  found  Marsupite 
plates  on  the  lower  side  of  the  lowest  nodule-bed,  and  we  place 
our  junction  with  the  quadra/us-chsiik  midway  between  the 
lowest  nodule-bed  and  the  one  succeeding  it.  In  the  second 
nodule-bed  we  had  the  rare  good  fortune  to  discover  an  example 
of  Actinocamax  grantilatus — the  third  only  which  we  have  met 
with  in  nine  weeks'  work  in  the  Island. 

The  AIarsupifeS'b2ind  is,  therefore,  a  flinty  chalk,  save  in  its 
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Upper  limit,  and  it  has  in  it  (at  the  Culver  only),  the  lowest 
nodule-bed.  We  bring  out  these  facts  in  detail,  as  Mr.  Jukes- 
Browne  has  alluded  to  it  as  a  chalk  characterised  by  the  scarcity 
of  flints. 

We  were  quite  satisfied  to  find  a  list  of  only  fifteen  species, 
and  we  offer  no  excuse  for  the  fact  that  the  name-fossil  was  the 
only  one  of  any  zonal  value,  for  our  two  examples  of  Echinocarys 
were  too  broken  to  determine  their  shape-variation. 

As  for  the  measurement,  we  give  it  for  what  it  is  worth,  seeing 
that  the  lower  limit  is  obscured  by  seaweed.  It  works  out  at 
42  ft.,  as  against  89  ft.  at  Freshwater  and  34^  ft.  at  Scratchell's 
Bay.  We  have  already  explained  that  we  regard  the  last  measure- 
ment as  the  more  accurate,  so  that  if  we  give  a  thickness  for  the 
whole  zone,  we  obtain  the  following  results : — Culver  Cliff,  95  ft. ; 
Scratchell's  Bay,  81  ft.  6  in.;  Freshwater  Bay,  116  ft.  10  in. — 
an  average  of  97  ft.  for  the  zone.  We  distrust  the  Freshwater 
measurement  so  much,  for  reasons  already  given,  that  we  prefer 
to  average  the  first  two  localities,  which  yields  a  total  of  88  ft. 


Zone  of  Actinocamax  quadratus. 

We  have  shown  that  the  second  nodule-bed  contained 
Actinocamax  granuiatus,  and  we  now  note  that  immediately 
above  it  we  found  Cardiaster  pillula.  The  highest  nodule-bed,  or 
rather  series  of  nodule-beds,  runs  out  as  a  projecting  ledge  from 
the  cliff,  and  this  is  the  most  striking  of  the  series  by  reason  of  the 
intensity  of  the  green  colouration.  Masses  of  iron-pyrites  are 
found  in  the  nodules,  and  the  Geological  Survey  records 
Cardiaster  pillula^  Serpula  plexus^  and  Rhynchonella  plicatilis 
for  this  bed.  We  also  found  Cardiaster  pillula  in  this  highest 
nodule-bed,  and  so  did  Mr.  Griffith  and  Mr.  Brydone.  An 
account  of  Mr.  William  Hill's  examination  of  these  curious 
nodules  is  seen  on  p.  78  of  the  Geological  Survey  Memoir  on 
the  Isle  of  Wight. 

From  the  highest  nodule-bed  to  the  north-east  point  of  the 
Eastern  Cliff  the  state  of  the  chalk  is  deplorable,  for,  as  at  Ballard 
Head,  the  water  oozes  from  the  cliff  and  the  surface  is  covered 
with  red  Protococcus  s\\mQ.  Toward  the  north-east  point,  where 
a  ledge  runs  out  due  east,  there  are  several  providential  little 
wave-scoured  exposures  at  the  foot  of  the  cliff.  As  we  have 
settled  the  base-line  of  the  zone,  these  surfaces  at  its  upper  limit 
are  most  useful,  for  we  are  able  to  record  Actinocamax  quadratus^ 
Cardiaster  pillula^  and  several  of  the  typical  shape- variations  ot 
Echinocorys  scutatus. 

We  adopt  the  ledge,  which  runs  out  due  east,  as  the  position 
for  the  approximate  junction  with  the  Belemnitella  mucronata- 
zone,  as  we  have  no  data  for  a  closer  relationship  than  this. 
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Immediately  we  round  the  corner  and  face  the  Whitecliff  section 
we  find  a  small  fall  rich  in  a  pure  mucronata  fauna,  and  we  can 
see  the  spot  whence  the  fallen  blocks  came.  South  of  this  is  a 
small  area  of  chalk  in  which  we  could  find  no  fossil  whatsoever. 
In  any  case,  the  junction  which  we  give  is  probably  within  lo  or 
15  ft.  of  the  actual  thing,  and  that  is  sufficiently  close  in  such  a 
surface  as  this. 

To  have  found  the  three  guide-fossils  to  this  zone  in  this- 
inhospitable  section  is  in  the  last  degree  satisfactory,  as  hitherto 
the  evidence  of  the  quadratus-chaXV  in  an  extended  surface  is  of 
the  most  indefinite  nature.  Dr.  Barrois  merely  states  {op.  cit.y 
p.  28)  that  the  Craie  ^  B^lemnitelles  is  covered  by  the  Tertiaries 
at  Whitecliff,  and  we  have  no  evidence  in  the  memoir  on  the 
Isle  of  Wight  that  Mr.  Strahan  had  examined  the  section 
from  the  Nostrils  to  Whitecliff.  Mr.  Jukes-Browne  (op,  city 
vol.  iii,  p.  93)  states  that  Mr.  Griffith  and  Mr.  Brydone  "  have 
found  Act  quadraius  with  Offaster  pillula  in  the  northern  part  of 
the  Culver  Cliff."  We  wrote  to  Mr.  Griffith  on  the  subject,  as 
evidence  as  to  the  exact  localisation  of  these  fossils  would  be  of 
high  value.  In  a  reply  dated  April  26th,  1905,  Mr.  Griffith  says : 
"  I  have  a  note  that  Cardiaster  pillula  occurs  here  with  bands  of 
green  nodules  which  frequently  enclose  pyrites.  When  we 
examined  the  Culver  Cliff  section  we  knew  nothing  about 
Actinocamax  granulaius^  and  our  belemnite  may  have  been  of 
that  species.  Unfortunately  I  do  not  know  what  became  of  it. 
Probably  it  was  only  a  fragment,  and  not  thought  worth 
preserving.  We  did  not  fix  the  limits  of  the  zone,  and  there- 
fore I  cannot  say  anything  as  to  the  position  of  the  belemnite 
within  the  zone.'*  We  discuss  this  matter  in  detail,  as  it 
would  appear  that  Mr.  Jukes-Browne's  assumption  that  the 
quadratus-cYiBW.  exists  at  this  position  is  based  on  the  associa- 
tion of  Cardiaster  pillula  with  an  undetermined  belemnite — an 
association,  moreover,  which  is  not  founded  on  any  measurement 
of  the  zone.  This  belemnite  may  have  come  from  anywhere  in 
the  438  ft.  of  chalk  above  the  lowest  nodule  bed.  That 
Cardiaster  pillula  is  not  a  certain  guide  to  this  zone  in  the 
Island  we  know  to  our  cost,  for  Mr.  W.  Hill  records  it  (pp.  cit^ 
vol.  iii,  p.  92)  for  the  Marsupites-h^nd  at  Downend  Pit,  Arreton, 
and  we  shall  show  that  it  is  by  no  means  an  uncommon  fossil 
from  base  to  top  of  the  mucronata-zone.  We  have  never  found 
more  than  solitary  examples  even  in  the  quadratus-chsilk  in 
this  island. 

To  define  the  position  of  the  scanty  guide  fossils  in  this  section 
we  would  summarise  as  follows  :  Cardiaster  pillula  was  found 
between  the  first  and  second  nodule-bed  (in  ascending  order), 
between  the  second  and  third  nodule-bed,  in  the  fourth  nodule- 
bed,  and  the  highest  record  which  we  have  of  it  was  30  ft.  from 
the  assumed  junction   with   the   mucronata-zomt,     Actinocamax 
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granulatus  was  found  in  the  second  nodule-bed,  and  Actinocamax 
quadratus  50  ft.  below  the  junction  with  the  mucronata-iont. 
Another  belemnite  of  this  group,  too  damaged  for  determination, 
was  found  on  a  fallen  block,  and  therefore  we  do  not  use  this  as 
evidence.  Echinocorys  scutatus^  of  the  characteristic  shape-varia- 
tion of  this  zone,  was  found  only  above  the  nodule-beds.  The 
examples  found  below  were  too  broken  to  give  any  indication  of 
horizon.  In  all,  we  collected  five  well-shaped  examples,  the 
highest  of  which  was  found  only  a  few  feet  below  the  assumed 
junction  with  the  zone  above. 

Obviously,  our  list  in  this  chalk  will  be  but  small,  and  we  have 
to  be  content  with  30  species.  Among  these,  in  addition  to  the 
guide-fossils  already  mentioned,  we  record  the  characteristic 
columnars  oi  Bourgueticrinus^  Rhynchonelia  reedensis^  Rhynchonella 
plicatilisy  and  a  large  example  of  Cosiosmilia  laxa  from  the  high- 
est nodule  bed. 

Taking  the  base  of  the  zone  at  a  point  midway  between  the 
first  and  second  nodule-beds,  and  the  top  at  the  ledge  which  runs 
out  due  east  at  the  junction  of  the  Eastern  Cliff  and  the  White 
Cliff,  we  obtain  a  thickness  of  400  fi.  It  will  be  remembered 
that  we  record  a  measurement  of  343  ft.  in  Scratchell's  Bay 
(p.  231),  and  when  writing  on  that  section  we  remarked  that  we 
had  expected  to  find  a  greater  thickness  for  the  zone.  Here  we 
have  one  more  in  harmony  with  our  ideas. 


Zone  of  Belemnitella  mucronata. 

We  now  enter  upon  the  Whitecliff  section  proper.  Im- 
mediately north  of  the  southern  corner  of  the  bay  we  find  a  small 
fall  entirely  in  w«^^«a/a-chalk.  From  this  point  to  the  junction 
with  the  Tertiaries,  the  shore  is  covered  with  fallen  blocks  from 
the  same  zone,  and  this  is  all  the  evidence  that  we  can  have  in 
the  way  of  collecting,  for  the  cliff  above  the  talus  is  grey  with  age 
and  quite  useless  for  this  purpose.  We  only  obtained  30 
species  from  Whitecliff,  including  the  name-fossil,  and  among 
them  we  mention  an  abundance  of  the  Echinoconus-WkQ  shape- 
variation  of  Echinocorys^  and  two  of  the  large  dome-shaped 
forms,  Saknia  geometrica,  Cidaris  serraia^  Cidaris  subvesiculosaj 
Aptychus  porilocki^  Serpuia  turbinella^  Serpula  canteriatay  Porina 
^iiformis,  and  other  characteristic  bryozoa. 

If  we  examine  the  reefs  at  low  water,  we  see  that  their  north- 
em  edge  stands  high  above  the  sand,  and  is  abruptly  truncated. 
This  is  evidently  the  eroded  surface  which  joined  the  Tertiaries 
before  Whitecliff  Bay  was  carved  out  of  the  softer  Eocene  rocks  ; 
for  if  we  look  shoreward  along  the  outer  edge  of  the  reef,  the 
eye  is  carried  straight  to  the  Tertiary  junction  in  the  cliff.  Clearly, 
then,  our  best  chance  to  obtain  a  measurement  of  the  mucronata- 
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chalk  will  be  to  take  a  line  across  the  reefs  to  the  ledge  which  we 
have  fixed  as  the  junction  of  this  zone  with  that  of  Actitwcamax 
qucuiratus.  This  gives  it  a  measurement,  corrected  for  dip,  of 
150  ft.  At  the  western  end  of  the  island  Mr.  Westlake  obtained 
a  measurement  of  475  ft,  and  a  glance  at  our  map  will  show  how 
extensive  and  how  uneven  has  been  the  pre-Tertiary  erosion  of 
this  zone  all  along  the  northern  side  of  the  Chalk  Ridge.  There 
is  nothing,  therefore,  to  occasion  surprise  that  this  eastern 
measurement  falls  so  far  short  of  that  recorded  at  the  western 
end  of  the  Island. 

General  Description  of  the  Chalk  Ridge. 

As  we  have  before  indicated  in  the  introduction  to  this  paper 
the  chalk  dips  at  a  very  high  angle  in  the  eastern  and  western 
limbs  of  the  Chalk  Ridge,  so  that  from  the  Needles  to  Mottistone 
Down  on  the  one  hand,  and  from  the  Culver  to  Carisbrooke  on 
the  other,  when  the  chalk  is  nearly  vertical,  the  ridge  often 
measures  barely  a  quarter  of  a  mile  in  thickness. 

The  Central  Mass  measures  four  miles  in  length  and  three  in 
breadth,  and  the  widening  out  of  the  Ridge  at  this  point  is 
due  to  the  fact  that,  in  addition  to  the  bend  in  the 
strata,  the  lower  beds  of  the  chalk  are  dipping  at  much 
lower  angles  than  in  the  eastern  and  western  limbs.  It  will  be 
noticed,  moreover,  that  the  inclination  of  the  beds  throughout 
the  whole  of  the  Chalk  Ridge  invariably  increases  in  direct 
proportion  as  we  ascend  the  zones,  so  that  the  higher  beds,  at 
the  junction  with  the  Tertiaries,  are  often  nearly  vertical,  even 
in  the  Central  Mass. 

The  Pits  of  the  Chalk  Ridge. 

We  have  examined  200  quarries  in  all,  and  have  visited  ever)' 
pit,  working  or  disused,  marked  on  the  6-inch  map,  as  well  as  a 
few  not  so  indicated.  Of  these,  108  are  quarries  or  road-sections 
which  give  some  surface,  however  small  and  badly  exposed,  and 
of  this  total  we  have  failed  to  arrive  at  a  definite  conclusion, 
based  on  purely  zoological  evidence,  in  five  only.  These  are  the 
pits  numbered  31,  45,  64,  90  and  96,  and  they  nearly  all 
offered  surfaces  so  small  and  ill-exposed  that  it  is  liitle  wonder  that 
they  yielded  a  negative  result.  The  remainder  were  grassed 
over,  and  the  large  number  of  disused  quarries,  not  a  few  with 
ruined  kilns,  are  eloquent  of  an  industry  abandoned  and  of  altered 
methods  of  agriculture.  Even  in  the  eastern  and  western  limbs 
of  the  ridge,  either  right  on  the  junction  with  the  heavy  Tertiary 
clays  on  the  north,  or  on  the  light  loams  of  the  Greensand  on  the 
south,  we  would  sometimes  pass  six  or  seven  large  abandoned 
quarries  in  succession.     It  is  not  that  the  quarries  are  inaccessible 
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or  rendered  useless  by  heavy  and  distant  haulage,  for  they  are 
right  on  the  spot  where  they  are  needed — the  pure  chalk  to  break 
up  the  heavy  Tertiary  clays,  and  *  the  more  clayey  beds  of  the 
Grey  Chalk  to  stiffen  the  light  loams  of  the  Greensand.  Immense 
quantities  of  chalk  have  been  quarried  for  agricultural  purposes 
in  the  past,  and  one  can  only  draw  the  conclusion  that  the 
farmers  consider  that  their  lands  have  been  sufficiently  limed,  or 
that  they  prefer  the  use  of  modern  artificial  manures. 

The  same  thing  occurs  in  Lincolnshire  where  we  have  been 
recently  working,  for  the  edges  of  the  wolds  are  dotted  over  with 
disused  quarries,  and  every  sheet  of  the  6-inch  map  shows 
numbers  of  shallow  excavations,  often  in  the  middle  of  each  field, 
where  the  chalk  has  been  quarried  on  the  spot,  and  the  depression 
then  ploughed  over  when  sufficient  material  had  been  extracted. 
We  are  told  by  Mr.  C.  S.  Carter  that  in  this  county,  around  the 
Louth  area,  extensive  marling  was  done  forty  years  ago,  and  that 
since  then  the  farmers  have  not  thought  it  necessary  to  renew  the 
process. 

Very  few  of  the  higher  levels  of  the  Downs  in  this  island  are 
cultivated,  as  the  natural  turf  is  used  for  sheep  grazing,  but 
occasionally  they  are  laid  down  in  grass  for  cattle,  and  it  is  then 
that  we  sometimes  get  a  small  pit  used  for  the  purpose  of  putting 
lime  on  the  grass. 

It  must  be  understood  that  the  state  of  the  pits  herein 
mentioned  refers  to  their  condition  between  the  autumn  of  1904 
and  the  spring  of  1906.  We  mention  this  because  quarries  which 
were  once  known  to  be  rich  in  fossils  are  now  grassed  over,  and 
discarded  pits  are  occasionally  reopened  and  fresh  exposures 
afforded.  When  we  find  an  exposure  which  is  not  mentioned  on 
the  6-inch  map  (revised  in  1896)  we  record  the  fact. 

It  may  be  said  at  once  that  the  inland  exposures  are  singularly 
barren  and  uninteresting,  and  we  imagine  that  few  cpUectors  will 
think  it  worth  their  while  to  examine  them.  We  know  that  all 
chalk  pits,  even  in  soft  and  horizontal  chalk,  yield  a  comparatively 
poor  list  of  fossils,  owing  to  the  indifferent  weathering  of  the 
surface,  and  that  it  is  only  by  the  assistance  of  the  quarr>'men 
that  we  can  hope  to  get  a  useful  series  of  specimens.  In  the 
whole  island  we  only  remember  five  quarries  (Nos.  20,  37,  51,  77 
and  104),  which  have  a  well-weathered  surface,  and  only  seven 
which  were  continuously  worked  (Nos.  27,  38,  49,  50,  51,  104 
and  105),  while  in  only  two  of  them  (Nos.  49  and  51)  do  the 
workmen  think  it  worth  while  to  preserve  the  fossils  which  they 
find.  Curiously  enough,  the  four  quarries  above  mentioned  are 
all  cut  in  the  same  horizon,  namely,  the  upper  beds  of  the  gracilis- 
chalk  and  the  lower  ones  oi  Holaster  planus,  save  No.  104,  which 
exhibits  the  zone  of  Rhynchonella  aivieri.  The  hard  and  nodular 
nature  of  the  chalk  of  this  level  probably  accounts  for  this. 

A  reference  to  the  maps  will  show  how  few  pits  there  are  on 
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the  crests  or  higher  levels  of  the  Downs,  the  bulk  of  them  being 
hewn  in  the  northern  and  southern  flanks,  where  they  are  readily 
accessible  for  marling  and  for  mending  farm  roads.  This  at 
once  accounts  for  the  great  preponderance  of  the  pits  in  the  zones 
of  Rhynehonella  cuvieri  and  Belemnitella  mucronata,  and  the 
small  number  referred  to  the  zones  of  Micrasttr  cor-testudinariumy 
MicrasUr  cor-anguinum  and  Marsupites  testudinarius. 

With  the  exceptions  already  mentioned,  the  surface  of  the 
indurated  chalk  breaks  up  into  platy  masses  and  becomes  grey 
and  lichen-covered,  instead  of  weathering  with  a  clean  surface ; 
still  by  dint  of  diligent  search,  and  by  breaking  up  blocks  with 
the  hammer,  we  can  generally  get  some  zonal  evidence  even  in 
these  unpromising  exposures.  Our  time  has  been  too  limited  to 
enable  us  to  do  more  than  merely  zone  the  pits,  and  it  must  be 
really  a  good  surface  which  tempts  us  to  make  a  long  list  of  fossils. 

Each  pit  which  we  discuss  is  numbered  and  marked  with  a 
corresponding  number  on  the  map.  As  in  the  paper  on  the 
Flamborough  area,  we  place  the  contour-line,  when  it  is  given, 
by  the  side  of  the  number  of  pit,  and  the  letters  indicating  the 
zone  beneath  them,  together  with  the  sheet  on  our  maps  on 
which  the  individual  pits  will  be  found.  .It  will  be  noticed  that 
the  pits  do  not  run  in  consecutive  numbers,  but  that  they  are 
taken  more  for  geographical  convenience  and  the  ease  with  which 
they  could  be  reached  from  any  given  point  at  which  we  were 
working. 

The  most  difficult  sections  to  zone  are  those  in  the  beds  of 
Aciinocamax  quadratus  and  Micraster  cor-anguinum.  The  latter 
is  always  a  colourless  zone  and  the  former  is  here  equally 
uninteresting.  In  the  case  of  the  Micraster  cor-anguinum  beds 
we  have  only  the  name-fossil,  the  zonal  shape-variation  of 
EchinocorySy  and  possibly  Echinoconus  vulgaris  to  guide  us.  In  " 
the  latter  zone  we  have  found  one  fossil,  and  that,  curiously 
enough,  one  x)f  great  vertical  range  and  frequent  occurrence,  of 
service  in  the  field,  and  that  is  Inoceramus  cuvieri.  The  pits  are 
often  quarried  along  the  bedding  planes,  and  in  this  zone  we 
find  great  sheets  of  this  lamellibranch  coating  the  bedding-planes. 
We  regard  this  as  a  distinctly  useful  local  observation.  If  there 
be  one  fossil  which  we  do  not  expect  to  find  in  quarries  in  the 
quadra/us-chalk,  it  is  the  name  fossil.  On  the  coast  it  is  rare 
enough,  but  inland  it  is  a  veritable  museum  curiosity.  Unfor- 
tunately, Cardiaster  pillula  is  not  rigidly  confined  to  its  zone  in 
the  Island,  so  we  have  to  fall  back  on  the  zonal  shape- 
variation  of  Echinocorys  smtatus^  and  this  rarely  fails  us. 

Throughout  the  whole  of  the  northern  surface  of  the  Downs, 
most  of  the  pits  at  the  junction  with  the  Tertiaries  are  naturally 
in  the  zone  of  Belemnitella  mucronata.  Here  again  the  name- 
fossil,  as  in  the  Chalk  Ridge  in  Dorset,  is  strangely  rare,  and 
many  exposures  in  these  beds  have  to  be  zoned  without  its  aid. 
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With  Magas  pumilus  very  inconstant  in  its  occurrence,  and 
Crania  costata  and  Kingena  lima  notably  rare,  we  were  again  forced 
to  adopt  Echinocorys  as  our  only  reliable  guide.  Fortunately,  it  is 
generally  abundant,  and  the  small  zonal  shape  -  variation, 
resembling  Echinoconus  conicus  in  outline,  rarely  fails  us,  and  we 
are  quite  content  to  accept  it  as  a  safe  index  to  the  zone. 

Another  zone  which  is  somewhat  difficult  to  determine  is 
that  of  Terebraiulina  gracilis.  When  a  surface  is  well  weathered 
there  is  nothing  easier  to  find  than  the  name-fossil ;  but  in  chalk 
such  as  this  the  task  is  indeed  difficult.  However,  as  the  only 
other  flintless  chalk  is  that  of  Rhynchonella  cuvieri,  and  as 
Inoceramus  myiiloides  is  readily  detected  in  quarries,  there  is  not 
much  difficulty,  by  a  process  of  diagnosis  by  exclusion,  in 
arriving  at  a  satisfactory  result. 

Marsupites  and  Uintacrinus  are  also  by  no  means  easy  to  see 
in  this  weather-stained  chalk  and  require  diligent  search.  The 
only  zones  which  are  really  easy  to  determine  are  those  of 
Holaster  planus^  Micraster  cor-iestudinarium,  Rhynchonella 
cuvieri  and  Belemnitella  mucronala— the  two  former  chiefly  on 
account  of  the  facility  offered  by  Micraster  for  rapid  and  certain 
definition ;  the  third  from  the  abundance  of  Inoceramus  myiiloides 
and  the  ease  with  which  it  shells-out  in  quarries ;  and  the  fourth 
by  reason  of  the  almost  constant  occurrence  of  the  small  conical 
shape-variation  of  Echinocorys,  However,  at  the  risk  of  reitera- 
tion, we  would  say  of  the  last  that  without  this  urchin  it  would 
often  be  impossible  to  separate  the  zones  of  Belemnitella 
mucronata  and  Actinocamax  quadratus. 

Abbreviations  of  Zonal  Titles  used  in  the  text  and  maps. 


B.  in. 

= 

BelemniUlla  mucronata. 

A.q. 

= 

Actinocamax  quadratus. 

M.  and  U. 

= 

The  sub-zones  of  Marsupites  and  Uintacrinus  of 
the  MarsupiteS'Zone. 

C.-a. 

= 

Micraster  cor^anguinum. 

C.-i. 

= 

Micraster  cor-testudinarium. 

H.p. 

= 

Holaster  planus. 

T.g. 

= 

Terebraiulina  gracilis. 

R.c. 

r= 

Rhynchonella  cuvteri. 

A.  p. 

_ 

Actinocamax  plenus. 

H.s. 

— 

Holaster  subglobosus. 

CM. 

= 

Chalk  Marl. 

The  Western  Chalk  Ridge— The  Needles  to  Shalcombe. 

Sheets  of  6-inch  Ordnance  Survey]  93  SB.              di^!^  n*    r^^  ou*"  ^ap. 

(  94  s.w.         ^^^^^  ®-  ) 

There  are  two  places  in  the  Island  which  can  be  used  as 
convenient  centres  for  working  both  the  inland  and  coast 
exposures,  and  one  for  the   Central   Mass  alone.     They  are, 
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respectively,  Freshwater  Gate,  Sandown,  and  Carisbrooke. 
From  the  first  we  can  work  on  foot  the  western  coast  and  the 
western  limb  of  the  Chalk  Ridge  as  far  as  Shalcombe  ;  from  the 
second  we  can  examine  the  eastern  cliffs  and  the  eastern  limb 
of  the  Chalk  Ridge  as  far  as  Shide  ;  whilst  from  the  last  we  can 
explore  the  whole  of  the  Central  Mass.  In  the  case  of  the  two  latter 
divisions  the  railway  can  be  used  to  save  time.  Therefore, 
instead  of  taking  the  pits  in  a  continuous  line  across  the  island, 
we  shall  break  the  Downs  up  into  sections,  which  can  be 
conveniently  worked  from  the  three  given  points,  each  in  the 
course  of  a  single  day. 

West  High  Down  and  East   High  Down. 

We  have  pointed  out  that  there  are  no  quarries  on  the  south 
side  of  High  Down,  and  that  those  mentioned  by  Mr.  Jukes-Browne 
(op,  cit,,  vol.  iii,  p.  91)  are  not  pits,  but  little  adventitious 
exposures  along  the  edge  of  the  cliff. 

Mr.  Charles  Griffith  tells  us  that  two  examples  of  Magas 
pumilus  were  found  in  a  pit  opposite  the  old  Needles  Hotel,  and 
also  in  another  pit  a  little  to  the  westward.  Both  these  quarries 
are  now  grassed-over,  and  we  gladly  record  them  so  as  to  preserve 
information  which  might  otherwise  be  lost. 

Nearly  all  the  pits  between  Alum  Bay  and  Freshwater  are  cut 
in  the  zone  of  Btkmnitella  mucronaia^  but  one  of  them,  namely, 
No.  10,  showed  in  addition  a  surface  of  quadratus-^'^  at  the 
back  of  the  quarry,  and  another.  No.  ii,  was  almost  certainly 
wholly  in  quadra^s-ch&lk. 

We  can  give  no  contour-lines  at  the  eastern  and  western 
limits  of  the  Chalk  Ridge  as,  for  military  reasons,  none  are 
printed  on  the  6-in.  maps. 

pj   .     ^  A  poor  exposure,  south  of  Alum  Bay  house, 

'  rU     ^y'  yielding  Be/emntVe//a  mucrona fa  2ind  Pecfen  crefosus. 

•■   '     '-I      This  pit  must  be  close  to  the  junction  with  the 
quadratuS'Zont, 
PI  A    N     8         A  pit  of  good  size,  south  of  Nodewell.     We  here 

TB       1'       ^ound  Bekmnitella  mucronata,  several  of  the  small 

^   *      -'        pyramidal    shape-variation    of   EchinocorySy    Ino- 
ceramus  of  a  form  unknown  to  us,  but  fully  characteristic  of  the 
zone,  both  here  and  at  Salisbury,  and  the  large  Cxlosmilia  laxa. 
This  quarry  appears  to  be  wholly  in  this  zone, 
pj   .     j^  A  small  pit  with  very  poor  exposure,  south  of 

rg       1  ^'  the  Briary,  and  wholly  in  wi/^^r^/ia/a-chalk,  chiefly 

^  '  ^'^  remarkable  as  being  one  of  the  few  exposures 
which  yielded  Magas  pumilus.  We  also  collected  Beltmnitella 
mucronata,  the  Inoceramus  characteristic  of  the  zone,  Tere- 
bratula  carnea^  and  Pecten  cretosus.  The  shells  are  reddish  in 
colour,  as  is  often  the  case  in  this  zone. 
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PI  A   No  I  ^  ^Tge  but   ill-exposed  pit,  yielding  Be/em- 

r^*  .  a1  °1  ^^^^^^^  mucronata  at  the  northern  end,  Pecien 
L  .m..  ^'i  quinquecostatus  2Lnd  Ostrea  vesicularis.  The  back 
of  the  pit  is  very  barren,  and  gave  us  only  two  examples  of 
-ffrA/«^r^ryJ  of  the  shape  variation  indicative  ofthequadra/us-zone. 
Moreover,  the  shells  of  the  back  of  the  pit  were  white,  while 
those  from  the  front  were  tinged  with  red — a  useful  distinction 
between  these  zones  in  the  field.  We  consider  that  the  zonal 
junction  passes  through  the  back  of  this  pit. 
p,  .    ^  A  pit  of  medium  size,  with  poor  surface,  south 

FA.  i"  of  Farringford  House.  The  shells  are  of  a  white 
'■  ^'J  colour.  With  the  exception  of  two  examples  of 
Echinocorys  of  quadratus  type,  we  found  only  Spondylus  latus 
and  Ostrea  vesicularis.  We  believe  that  this  section  is  entirely 
in  the  quadratus-zon^y  and,  therefore,  that  the  zone  of  Belem- 
niiella  mucronata  has  been  completely  denuded  at  this  point — a 
point,  be  it  noted,  but  two  miles  from  Alum  Bay. 


Afton  Down. 

PI  A   No  I  There  are  here  two  pits  adjoining  one  another 

'  rg  A  '  and  belonging  to  the  Waterworks,  and  in  the  southern 
L  '  ^'J  one  the  engineer's  house  is  situated.  We  deal  with 
this  first.  The  sectibn  is  of  high  interest  in  that  it  is  the  only  one 
with  which  we  are  acquainted  where  an  example  of  Actinocamax 
quadratus  has  been  found  at  a  higher  level  than  the  lowest  examples 
di Bekmnitella  mucronata^  both  the  belemnites  being  found  in  situ* 
Mr.  Jukes-Browne  (op,  cit,  p.  93)  mentions  this  pit,  on  the 
evidence  obtained  from  Mr.  Griffith  and  Mr.  Brydone,  but 
includes  it  under  the  heading  of  Actinocamax  quadratus  alone, 
whereas  the  whole  of  the  northern  pit  (No.  2),  and  almost 
certainly  the  whole  of  the  southern  pit  (No.  i)  are  cut  in 
mucronata-chdXk,  On  writing  to  Mr.  Griffith  and  Mr.  Brydone 
we  have  ascertained  that  Ihey  found  a  single  example  of 
Actinocamax  quadratus  and  many  of  Belemnitella  mucronata  in 
the  southern  pit  (No.  i),  but  that  they  have  no  recollection  of 
the  relative  position  of  the  belemnites.  Our  own  data  are  as 
follow.  In  the  autumn  of  1904  we  visited  this  pit  accompanied 
by  Mr.  Ernest  Westlake,  when  we  found  the  chalk  very  badly 
exposed,  especially  on  the  southern  side^  Mr.  Westlake  found 
an  example  of  Actinocamax  quadratus  a  little  south  of  the 
middle  of  the  pit.  We  searched  diligently  in  the  southern  half 
of  the  pit  and  the  only  fossils  which  we  could  find  were  a 
completely  crushed  example  of  Echinocorys  and  Rhynchonella 
limbata.  All  that  we  can  say  of  the  former  is  that  it  was  too 
large  to  be  an  example  of  the  small  pyramidal  shape-variation 
characteristic  of  the  highest  zone  ;  and  as  for  the  brachiopod,  that 
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it  is  common  in  both  zones.  In  the  northern  half  of  the 
quarry  we  collected  several  examples  of  BeUmnitella  mucronata, 
Magas pumiluSy  two  examples  of  the  small  pyramidal  Echinocorvs^ 
Terebratula  camea^  Rhynchonella  plicatilis^  and  Porina  filiformis. 
On  this  evidence  we  placed  the  junction-line  between  the 
quadratus  and  mucronata-ix^nQS  at  the  middle  of  the  southern 
pit  (No  1). 

In  the  spring  of  1906  we  again  visited  this  section,  as  we  felt 
that  the  evidence  obtained  before  was  not  conclusive.  We  found 
that  the  quarry  had  been  worked  in  the  interval,  and  that  the 
southern  wall  was  not  only  more  accessible,  but  that  it  had  been 
cut  farther  back  to  the  south.  In  the  southern  wall  we  found 
two  examples  of  Btlemnitella  mucronata^  and  south  of  the  middle 
of  the  pit  an  imperfect  Echinocorys  of  great  size  and  with  very 
thick  test,  together  with  a  very  large  ossicle  of  Pycnaster  ani^uS' 
tatus. 

It  would  seem,  therefore,  that  we  here  have  an  instance  of 
Actinocamax  quadratus  mingling  with  a  basal  mucronata  fauna. 
That  these  two  belemnites  may  be  closely  associated  we  know 
from  our  experience  in  Arish  Mell  (Part  2,  Dorset,  p.  27)  where 
we  found  in  sM  an  example  of  Actinocamax  quadratus  a  few  feet 
below  one  of  BeUmnitella  mucronata^  with  Cardiaster  pillula  be- 
tween them. 

We  have  no  choice  but  to  place  the  whole  of  this  southern 
pit  (No.  i)  in  the  mucronataione^  and  it  is  reasonable  to  suppose 
that  there  may  be  even  a  small  thickness  of  mucronata-chslV. 
south  of  the  southern  wall.  It  will  be  interesting  to  watch  the 
result  of  further  excavations  on  the  seaward  side  of  this  quarry, 
for  in  course  of  time  we  may  be  able  to  obtain  a  more  definite 
knowledge  of  the  junction  between  these  two  zones. 

The  section  is  also  of  interest  from  the  fact  that  we  can  take 
a  measurement  from  its  southern  wall  to  the  point  on  the  cliff 
where  we  obtain  a  junction  between  the  zones  of  Actinocamax 
quadratus  and  Marsupites  testudinarius,  thereby  acquiring  an 
idea  of  the  thickness  of  the  quadratus-chalk  at  this  point  of  the 
coast  The  situation  of  the  pits  is  marked  on  PL  XXI,  and  the 
subject  further  discussed  from  the  point  of  view  of  measurement 
on  p.  287. 

PI    .      p.  The  pumping-house  stands  in  this  pit,  and  the 

FB      S^    exposure  is  very  poor.     The  Engineer  tells  us  that 
^   '  ™'  -'      many  belemnites  were  found  when  they  were  digging 
the  shaft.     In  addition  to  the  belemnite  we  collected  several 
examples  of  Magas  pumilus.     The  junction  with  the  Tertiaries 
is  seen  in  the  northern  side  of  the  pit. 

p,  T»     1,^^  There  are  no  openings  on  the  southern  side  of 

FA     ^i^    Afton  Down,  so  we  take  the  northern  side,  and 

^   '  ^ -'       600  yards  east  of  the  Waterworks  pits  we  find 

a  small  quany  with  a  good  exposure.     This  section  left  us  in  no 
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doubt  as  to  the  horizon,  for  we  found  there  six  examples  of 
Echinocorys  of  the  shape-variation  characteristic  of  the  quadratus- 
zone,  Cardiaster  pillula^  and  one  example  of  Actinocamax 
quadratus.  In  addition  we  collected  the  characteristic  columnar 
of  BourgueticrinuSy  Pecten  quinquecostatus  and  Ostrea  vesicularis. 

The  whole  oiiiie  mucronata-chaXkhzs  been  denuded  here,  and 
the  position  of  this  section  gives  us  a  useful  line  for  the  upper 
limit  of  the  quadratus-zone  in  connection  with  the  southern  side 
of  Pit  No.  I.  We  have  also  a  valuable  indication  of  the  lower 
limit  of  this  zone  in  the  position  of  the  Reservoir  on  the  Golf 
Links,  for  at  the  time  of  our  visit  in  1904,  the  chalk  from  the 
excavation  was  sufficiently  recent  still  to  have  a  good  surface  for 
examination  (PI.  XXI).  ^  Amongst  other  fossils  we  collected 
here  the  shape-variation  of  Echinocorys  characteristic  of  this  zone 
and  Cardiaster  pillula, 

PI  B     No  ^  disused  quarry  with  a  poor  surface  at  the 

'  r\      -i"  ^'  top  and  a  steep  talus  of  chalk,  black  with  age. 

*■    '  ^'J       Among  a  list  of  ten  species  we  note  Cardiaster 
pillula.  Crania  egnabergensis  and  Setfula  turbinella.     There  can 
be  little  doubt  that  this  deep  working  falls  well  within  the  limits 
of  the  quadratus-dMi^. 
PI  B     N     6  ^^^^  ^^  ^  fair-sized  pit  with  good  surface,  south 

TB      °1       °^  Newbarn,  and  clearly  in  the  mucronata-zovkt, 

^  *  '-•  The  back  of  the  pit  is  very  near  the  junction  with 
the  quadratus-zone,  but  it  yielded  a  pure  mucronata  fauna, 
including  eight  examples  of  Belemnitella  mucronata^  three  of  the 
small  pyramidal  Echinocorys,  Fecten  campaniensis,  Spondylus 
spinosus,  and  Terebratulina  striata. 


Shalcombe  Down. 

PI  B    No  TA  ^^^^  ^^  *^^  %i^sX  quarry  south-west  of  the  pond 

^  m  -A  a  i  ^"  ^^  ^^"^^  ^^  *^®  ^^^^  ^'  Shalcombe.  There  is  a 
I  •  ••  •  4J  ruined  kiln  here  and  the  upper  level  of  the  pit  is 
no  longer  worked,  but  quarrying  is  still  carried  on  in  the  southern 
and  south-western  corners.  The  southern  face  left  us  in  no  doubt 
as  to  the  age  of  the  chalk  in  that  situation,  for  from  a  list  of 
eighteen  species  we  quote  the  quadratus  shape-variation  of 
Echinocorys,  two  examples  of  Cardiaster  pillula.  Crania 
egnabergensis,  Rhynchonella  reedensis,  Rhynchonella  plicatilis, 
Septifer  lineatus,  and  Coslosmilia  laxa.  We  did  not  find 
Actinocamax  quadratus.  Some  40  ft.  of  this  chalk  is  exposed, 
and  the  shells  contained  therein  are  of  a  white  colour.  About 
15  ft.  above  the  belt  of  chalk  containing  the  last  fossils  belonging 
to  the  quadratus'zont  we  found  Belemnitella  mucronata  and  the 
small  pyramidal  shape-variation  of  Echinocorys,  Dr.  Banx)is 
records  Magas  pumilus  for  this  quarry,  but  though  we  visited 
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the  pit  twice  we  were  unsuccessful  in  our  search.  It  probably 
occurred  in  the  northern  end  of  the  section  which  is  now 
obliterated. 

Dr.  Barrois  (op,  cit,  p.  27),  Mr.  Jukes-Browne  (op,  ciL  vol.  iii, 
p.  93),  and  Mr.  Strahan  (op,  cit,  p.  93)  mention  this  quarry,  but 
none  of  them  appear  to  have  noticed  the  presence  of  quadratus- 
chalk.  The  two  latter  merely  quote  the  former,  but  Mr.  Strahan 
in  addition  propounds  the  novel  idea  that  "  in  the  upper  part  of 
the  lower  zone  (that  of  B,  quadrata\  Magas  pumilus  is 
abundant."  We  can  only  say  that  we  have  yet  to  see  it  in  that 
position,  and  we  cannot  help  thinking  that  the  statement  is  due 
to  a  mistranslation  of  Dr.  Barrois'  text. 

p,   1^    ^  We    now    follow    the  road    in    a  southernly 

FH  T  .i>^^i  direction  and  arrive  at  the  fine  quarry  south-east  of 
L  .p.  .g.  .C.J  Y\\^  Barrows,  where  we  find  a  good  exposure  in 
the  zones  of  Rhynchonella  cuvieri^  Terebratulina  gracilis  and 
Holaster  planus  in  their  ascending  order  as  we  pass  from  the 
southern  to  the  northern  end  of  the  pit.  We  here  see  the 
"spurious  Chalk  Rock,"  followed  at  the  usual  distance  by  the 
"black  marl-band"  and  the  "grey  marl-band."  Between  the 
latter  and  the  first  course  of  flints  we  find  the  "j^iVawa-bed,"  though 
the  bryozoon  was  not  abundant.  We  obtained  a  characteristic 
list  of  fossils  from  each  zone,  and  even  without  the  salient  litho- 
logical  features  just  mentioned  we  could  readily  have  zoned  the 
pit  from  the  fossils  alone.  This  quarry  is  mentioned  by  Mr. 
Strahan  (op,  cit,  p.  83)  and  by  Mr.  Jukes-Browne  (op,  cit,  vol.  iii, 
p.  90).  The  former  gives  details  of  measurement,  but  no 
zoological  data. 

Abrief  search  rewarded  usby  findingthe  curioussiliceous  nodules 
mentioned  in  the  Compton  Bay  section  of  this  paper  (p.  218). 
pj  g    j^  Following  the  foot  of  the  Down  to  the  west  we 

'  p'o  ^*i  ^  ^'  come  to  an  exposure  of  considerable  extent  but 
^  '  '-'  with  a  poor  surface  for  collecting.  We  here  found 
Rhynchonella  cuvieri  and  an  abundance  of  Inoceramus  mytiloideSy 
so  we  have  no  hesitation  in  referring  the  pit  to  the  zone  of 
Rhynchonella  cuvieri.  We  found  no  zoological  evidence  of  a 
contact  with  the  graa'lis-beds. 

The  southern  sides  of  Wellow  and  Tapnell  Downs  contain 
no  quarries,  and  we  see  no  more  openings  until  we  reach  the 
southern  foot  of  Compton  Down,  north  of  Compton  Chine,  where 
we  find  a  small  exposure  in  the  zone  of  Holaster  subglobosus^  and 
another  a  little  farther  west,  on  the  north  side  of  the  Military 
Road,  also  in  the  same  zone.  The  northern  end  of  this  pit 
shows  a  patch  of  chalk  belonging  to  the  zone  of  Rhynchonella 
cuvieri. 

The  Shalcombe  sections  admirably  illustrate  the  structure  of 
the  Chalk  Ridge,  taking  us  from  the  zone  of  Rhynchomlla  cuvieri 
on  the  south  through  Terebratulina  gracilis  and  Holaster  planus  to 
Proc,  Geol.  Assoc,  Vol.  XX,  Part  4,  1908.]  19 
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Actinocamax  quadratus  and  Belemnitella  mucronata  on  the  north. 
All  that  is  wanted  is  a  quarry  intermediate  between  Nos.  13  and 
14  to  complete  the  zonal  picture.  This  brings  to  a  close  our 
examination  of  the  quarries  in  the  western  end  of  the  Chalk  Ridge 
in  the  autumn  of  1904. 

The  Eastern  Chalk  Ridge;    Culver  Cliff  to 
Arreton  Down. 


jE.  Vof< 


Plate  F. 

Plate  E.  \  of  our  Map. 

Plater 
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96  N.W. 
95  N.E. 
95  N.W. 


Bembridge  Down. 


In  the  spring  of  1905  we  visited  the  eastern  end  of  the  island, 
taking  Sandown  as  a  convenient  centre,  and  we  now  give  a  list  of 
exposures  on  either  side  of  the  Chalk  Ridge  extending  from 
Bembridge  Down  to  Arreton  Down,  leaving  the  Central  Mass  to 
be  dealt  with  in  the  autumn  of  the  same  year. 
PI  F  No  6  ^  P^^*^  exposure  in  the  zone  of  Rhynchonella 
FR.  c  "i  cuvieri  with  the  name-fossil  and  Inoceramus 
•-       ■-'         mytiloides  both  in  evidence. 

Following  the  line  of  the  foot  of  the  Down  in  a  north-westerly 
direction  we  reach  a  pit  the  east  side  of  the  road  leading  to 
Yarbridge. 

PI  F  No  10  '^^^^  ^^  ^"^  *  small  and  poor  exposure.  It  is 
fbase  C  a  1  ^^^^^^  however,  as  being  in  one  of  the  rarer  inter- 
I-  '    '-^     mediate  zones,  situated  as  it  is  in  the  middle  of 

the  ridge.  We  only  found  ten  species  here,  but  among  them  was 
the  base  oi  Micr aster  pracursor  of  the  form  found  at  the  base  of 
the  zone  of  Micraster  cor-angutnuMy  together  with  Cyphosoma 
coroUare  and  a  perfect  test  of  Cidaris  hirudo  with  some  spines 
attached.  The  Micraster  is  one  the  passage-forms  in  which  the 
merely  granulated  condition  of  the  periplastronal  area,  charac- 
teristic of  the  zone  of  Micraster  cor-tesiudinarium^  begins  to  take 
on  a  mammilated  appearance  as  it  ranges  up  into  the  base  of  the 
zone  immediately  above.  It  is  for  this  reason  that  we  place  this 
little  pit  in  the  base  of  the  zone  of  Micraster  cor-anguinum.  Dr. 
Barrois  (op,  cit,  p.  24)  refers  this  section  to  the  zone  of  Micraster 
cortestudinarium,  and  Mr.  Strahan  takes  the  same  view  (op,  cit. 
p.  92). 

PI  F  No  ±0  ^^  ^^^  western  side  of  the  road,  hidden  by  a 
f  A  a  •  M  •  U  i  ^^^  hedge,  we  find  another  exposure,  also  in  the 
j^   .q. .  ^  ..     .J  jjjj^^jg  Q^  |.j^g  Down,  which  promised  to  be  of 

interest  if  only  from  its  position  in  the  ridge.  It  is  a  pit  of 
moderate  size^  no  longer  worked,  and  a  shed  stands  in  it.     The 
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surface  is  fairly  weathered,  and  it  is  easy  of  access  as  a  path  runs 
round  it  on  the  top  of  the  talus. 

The  north-western  corner  of  the  pit  consists  merely  of  a 
grass  slope  with  little  patches  of  chalk  emerging  here  and 
there.  There  are  very  few  flints  here,  thus  reminding  one 
of  the  flintless  area  of  chalk  in  the  Southern  Cliff  of  the 
Culver  at  the  junction  of  the  zone  of  Marsupites  testudinarius 
and  Actinocamax  guadratus,  where  the  remarkable  nodular 
bands  exist.  We  found,  however,  only  one  nodule-bed  with 
green  nodules  in  it,  and  below  it  we  collected  the  gibbous 
form  of  Echinocorys  scutatus  and  one  example  of  Actinocamax 
granulatus.  Passing  thence  towards  the  centre  we  find  a  series 
of  plates  of  Marsupites  extending  over  a  face  of  chalk  some  60  ft. 
in  thickness ;  while,  beyond  this  point,  at  the  south-eastern  end  of 
the  section,  we  obtained  brachials  of  Uintacrinus^  Micraster 
cor-anguinum  and  Echinoconus  vulgaris.  The  surface  is  so  over- 
grown on  the  northern  side  of  the  pit  that  we  consider  ourselves 
fortunate  to  have  found  one  nodule-bed  and  some  zonal  fossils. 
It  may  be  mentioned  that  flint  courses  are  abundant  both  in  the 
band  of  Marsupites  and  of  Uintacrinus^  as  at  the  Culver.  The 
whole  quarry  only  yielded  us  a  list  of  ten  species,  so  it  will  be 
gathered  that  fossils  are  not  abundant  This  very  interesting 
section  seems  to  have  escaped  the  notice  of  previous  writers. 

We  now  pass  to  the  northern  side  of  Bembridge  Down  where 
we  have  but  one  pit  to  record. 
PLF    No  i^  Some  300  yards  south  of  I/)nglands  Farm  is  an 

FB  ml       insignificant  exposure.     We  record  from  it  three 

^  '  ■-'  examples  of  the  EchinoconuS'^z:^dL  Echinocorys^ 
Rhynchonella  reedensis^  and  Serpula  turbinella.  There  is  no 
doubt  therefore  that  the  pit  is  in  the  zone  of  Belemnitella 
mucronata.  Such  exposure  as  there  is  will  be  found  in  the 
western  end  of  the  pit,  for  the  eastern  side  is  filled  in  with  chalk 
tipped  from  the  excavation  for  Bembridge  Fort  on  the  summit  of 
the  Down.  In  it  we  found  several  plates  of  Marsupites.  We  have 
alluded  on  p.  236  to  the  fact  that  the  direction  of  the  Marsupites- 
zone  can  be  traced  along  the  summit  of  the  Down  from  the 
Marconigraph  Station,  through  Bembridge  Fort,  to  the  centre  of 
Pit  No.  40.  The  Fort  may  not  be  built  entirely  on  this  zone, 
but  part  of  its  foundation  must  certainly  rest  on  this  chalk. 


The  south  side  of  the  Downs  of  Brading,  Ashey, 
Mersley  and  Arreton. 


Plate  F. 
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This  seems  the  natural  division  to  make,  as  after  we  reach 
the  great  pit  at  Downend,  Arreton,  there  are  no  exposures  until 
we  come  to  Shide. 

Brading  Down. 

PI  F     No     8  Here    we  have   a    large  and  well- 

n?  A  w  ^r  M  1  worked  quarry  at  the  foot  of  the  Down, 
LK.  c. :  A.  p. :  n.  s. :  L,.  M.j  ^^^^y^  ^^  Morton  Manor.     We  enter  the 

pit  through  a  short  lane  cut  in  the  Chalk  Marl,  and  the  southern 
wall  of  the  pit  and  part  of  the  eastern  and  western  ends  are 
formed  by  the  zone  of  Holaster  subgiodosuSy  while  the 
Rhynchonella  cuvieri-zont  alone  is  seen  in  the  northern  wall. 
The  position  of  the  Actinocamax  plenus  marls  can  be  plainly  seen, 
especially  at  the  eastern  ends.  The  men  do  not  bum  the 
"slipper"  and  are  well  acquainted  with  the  belemnite  found 
therein.  This  gives  yet  another  record  of  Actinocamax  plenus  in  an 
area  which  was  not  supposed  to  yield  it.  This  pit  is  mentioned  by 
Mr.  Strahan  (pp.  cit.  p.  88)  and  by  Mr.  Jukes-Browne  (op,  cit. 
vol.  ii,  p.  411),  both  of  whom  give  measurements. 

PI  F     N     17  ^  ^^^^^  abandoned    quarry  chiefly 

FH  •  T  •  R^  •  H  1  remarkable  for  the  fact  that  it  affords  an 
I  ,p..  .g. .  .c, .  .  .J  extensively  weathered  surface  in  the 
upper  part  of  the  zone  of  Terebratulina  gracilis  and  in  the  base  of 
that  of  Holaster  planus.  It  is  noteworthy  that  almost  all  the  well- 
weathered  surfaces  in  the  island  are  found  at  this  particular 
horizon,  the  solitary  exception  being  a  pit  on  the  south  side  of 
Mount  Joy  in  the  zone  of  Rhynchonella  cuvieri.     (PI.  XXII.) 

There  is  a  footpath  which  passes  through  its  south-western 
extremity,  and  on  its  southern  side  we  see  a  bank  exposure  in  the 
zone  of  Holaster  subglobosus,  and  on  its  northern  side  one  in  that 
of  Rhynchonella  cuvieri.  As  we  near  the  main  face,  the  zone  of 
Terebratulina  gracilis  crops  out  from  the  grass,  and  the  chalk 
of  the  same  zone  forms  the  base  of  the  main  section.  The 
higher  beds  come  in  as  we  pass  from  the  western  to  the  eastern 
end  of  the  section.  The  main  face  gives  an  admirable  sequence 
in  the  upper  part  of  the  gracilis<:h2i\k  and  the  lower  part  of  the 
Holaster  planus-zOT\Q,  the  flinty  chalk  forming  the  highest  part  of 
it.  A  brief  search  gave  us  a  list  of  forty-one  species.  From  the 
top  of  the  gracilis-beds  we  collected  an  abundance  of  the  name- 
fossil  and  examples  of  Micraster  cor-bovis^  Holaster  planus^  and 
Lima  hoperi ;  while  in  the  zone  above  Micraster  precursor  and 
Holaster  planus  were  found.  The  **  Bicavea-bed  "  is  well  displayed 
above  the  "  grey  marl-band,  being,"  therefore,  in  its  proper  place  in 
the  top  of  the  flintless  and  at  the  base  of  the  flinty  chalk. 

In  the  middle  of  the  main  section  is  a  broad  shoulder  of 
chalk  which  projects  considerably  from  the  main  flat  face.  This 
is  obviously  well  down  in  the  graalis-chdilkf  for  half-way  up  it  we 
see  the  nodule-bed  of  the  "  spurious  Chalk  Rock."    Passing  to 
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the  west,  where  the  projecting  shoulder  fades  into  the  flat  surface 
of  the  cliff,  we  find  the  "  black  marl-band."  This  is  very  obscure 
where  the  surface  is  old,  and  it  has  to  be  cut  to  bring  out  the 
black  colour.  A  notable  feature  in  this  section  is  the  white 
colour  of  the  lowest  line  of  flints,  for  they  look  as  white  as  the 
pure  siliceous  nodules  in  the  graa'/is-heds  at  Compton  Bay. 
They  are  here  inaccessible,  but  we  found  some  similar  flints  in  a 
fallen  block  at  the  Culver,  and  they  were  evidently  from  the 
lowest  flint  line,  as  there  was  an  abundance  of  Bicavea  associated 
with  them.  These  white  flints  have  hardly  any  flint  recognisable 
as  such  in  them,  and  they  form  an  admirable  link  between  the 
ordinary  flints  and  the  pure  siliceous  nodules  described  by  Dr. 
Prior  in  his  report  (p.  289). 

The  measurements  in  this  pit  are  given  by  Mr.  Strahan  {op, 
cit  p.  88),  and  by  Mr.  Jukes-Browne  in  the  Cretaceous  Memoir, 
vol.  ii,  p.  411.  The  apportionment  of  the  beds  is  given  correctly 
by  the  latter,  the  measurements  given  by  both  authors  being 
identical. 

pj  p   jg^       ,         On  the  top  of  the  Down,  and  facing  due  east, 
*  rp      1'  ^^  '  is  a  large  quarry  which  is  now  only  worked  at  its 

•■  '  ^'^  western  end,  the  rest  of  the  surface  being  grey 
with  age  and  singularly  barren  of  fossils.  We  found  two  damaged 
examples  of  Micraster  cor-anguinum,  two  characteristic  heads  of 
Bourgueticrinus,  Kingena  lima  and  a  profusion  of  Inoceramus 
cuvieri.  The  workmen  quarry  the  chalk  along  the  bedding-planes, 
and  these  are  simply  sheeted  with  masses  of  the  Inoceramus 
in  question.  This  condition  is  locally  very  significant  of  the  zone 
of  Micraster  cor-anguinum. 

This  is  presumably  the  pit  mentioned  by  Dr.  Barrois  {op,  cit. 
p.  24)  who  places  it  in  the  zone  of  Micraster  cor-testudinarium^ 
and  by  Mr.  Strahan  {op,  cit,  p.  92)  who  does  the  same. 
Mr.  Jukes-Browne  {op.  cit.  vol.  iii,  p.  92)  follows  Mr.  Griffith 
and  places  it  in  the  zone  of  Micraster  cor-anguinum.  Evidently 
Mr.  Griffith  obtained  no  more  abundant  evidence  than  we  did, 
for  he  tells  us  that  he  referred  it  doubtfully  to  the  zone 
in  question.  In  any  case,  the  position  of  the  quarry  leaves  one 
in  little  doubt  as  to  the  age. 


Ashey  Down. 

There  are  no  more  exposures  on  the  southern  side  of  the 
Downs,  until  we  reach  Ashey  Down,  with  its  well-known  land- 
mark. 

p.   y    ^  North  of  Kern  is  the  fine  section  in  the  Chalk 

\C  M  1^^    ^^x\  known  as  Kern  Marl  Pit.     As  this  horizon 
'-   •     •-'        is  outside  the  scope  of  our  work  we  did   not 
examine  it  in  detail.     Mr.  Strahan  {op.  cit,  p.  87)  mentions  it. 
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p,    g     ^  North   of  Ryde  Waterworks  is  a  small  and 

FR  c  •  A  D  •  H^s^l  ^^^  exposure  in  a  disused  quarry.  The  zone 
L  •  •'•  •?■•  •  'J  of  i?/4y«^i*/?«tf//fla^wVr/ is  shown  on  the  northern 
side,  and  at  the  eastern  end  the  Actinaca max  ^/enus  mails  and  the 
zone  of  Holaster  subglobosus  are  exposed.  Passing  northwards 
up  the  lane  we  come  to  a  new  pit  with  a  recently  worked  surface. 
PI  E  No  8  ^^^^  small  pit,  being  well  up  towards  the 
FM  t  f  centre  of  the  Down,  gives  us  the  possibility  of 
I-  •  ^•"  J  finding  one  of  the  zones  which  are  so  rarely  seen 
in  the  Chalk  Ridge,  for  the  reason  that  quarries  in  the  centre  of 
the  Down  are  so  uncommon.  The  chalk  is  remarkably  dis- 
coloured, partly  by  iron  and  partly  by  manganese,  and  fossils  are 
very  rare ;  but  we  had  the  good  fortune  to  secure  an  excellent 
example  of  Micraster praairsor  of  the  group-form  associated  with 
the  zone  of  Micraster  cor-testudinarium.  This  pit  is  not  marked 
on  the  1896  revision  of  the  6-inch  map. 

Mersley  Down. 

PI  E      No     7  "  Mersley  Limekiln "  is  a  fine  quarry  and 

FR  c  -A  •  H  1  ^^  ^"^  ^^  ^^  ^^"^  working  pits  in  the  Island. 
'-  '  ' '  '^"  '  '-'  The  section  is  an  extensive  one,  ranging  from 
the  Chalk-Marl  to  the  zone  of  Rhynchonella  cuvieri^  and  yielding 
the  characteristic  fossils  of  the  highest  zone  in  fair  abundance. 
Dr.  Barrois  records  Inoceramus  mytiloides  from  "Mefsty  Down"  (sc) 
{op,  cit,  p.  17),  which  is  doubtless  the  quarry  in  question,  Mr. 
Strahan  {op,  cit.  p.  87)  gives  measurements  of  it,  but  no  fossils, 
and  there  is  a  mention  of  it  by  Mr.  Jukes-Browne  {op,  cit.  vol.  ii, 
p.  4"). 
PI  E     No     6  ^"  ^^  southern  side  of  the  road  we  find  a 

FR  c  •  H    V      ^"^  section  of  the  Holaster  subglobosus-zon^^ 

^  '  "  •  ^*J  and  on  the  north  side  there  is  a  bank  exposure 
in  the  zone  of  Rhynchonella  cmneri.  The  zone  of  Actinocamax 
plenus  is  not  seen,  being  probably  under  the  road. 

PI  D      No     c  ^^^^  ^^^  ox\Q,^  an  extensive  working,  but 

rp  A    A         TT     1    ^^  '^^^  disused,  and  a  path  runs  across  it 
[j^.  c. :  A.  p. :  tt.  S.J    ^^  ^^^  back  of  the  pitthe  mneoi  Rhynchonella 

cuvieri  is  well  exposed,  and  the  Actinocamax  plenus  marls  are 

clearly  seen  on  the  northern  side  of  the  path.   At  the  bottom  of  the 

pit  we  find  the  zone  of  Holaster  subglobosus.     The  characteristic 

fossils  of  the  highest  zone  are  fairly  common.     This  section  is 

mentioned  by  Mr.  Strahan  {op.  cit  p.  87),  but  no  fossils  are  given. 

PI  D     No  Immediately  to  the  west  we  find  a  small 

TTT     -1  *^'     and  very  poor  exposure  in  the  zone  of  Holaster 

'     '  ^'J  subglobosus.     We  found  no  zonal  fossils,  but 

the  nature  of  the  chalk  and  the  position  of  the  pit  leave  one  in 

no  doubt  as  to  the  horizon. 
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Arreton   Down. 

p,   p.      j^  An  abandoned  pit  of  medium  size  consist- 

FR  c  i  ^^     ^^^  mostly  of  talus  black  with  age.     At  the 
^   '    '-■  extreme  top  there  are  a  few  surfaces  of  more 

or  less  white  chalk,  and  as  Inoceramus  mytiloides  and  Rhynchonella 
cuvieri  were  obtained,  there  is  no  difficulty  in  assigning  the  quarry 
10  the  Rhynchonella  cuvieri-zonQ,  There  is  no  gracilt's-chalk  at 
even  the  top  of  the  section,  though  from  its  position  on  the  map 
such  would  be  expected  to  be  the  case. 

PI  D      No  1 7a  ^  small  pit  also  not  on  the  revised  6-inch 

FA       •  H     1      ™^P  °^   iSg6.       It  shews   the   Actinocamax 
L   •  P-  •     •  S.J      planus  marls  and  the  zone  of  Holaster  sub- 
globosus, 

PI  D  N  7  ^*^^^  ^^  merely  a  chalk  bank  which  has  recently 
FR  c  1  ^^"  ^"'  back,  and  such  surface  as  there  is  may  be 
^  '  '-'  considered  good.  We  found  several  examples  of 
Inoceramus  mytiloides^  and  have  no  hesitation  in  placing  the 
section  in  the  Rhynchonella  cuviert-zone.  This  exposure  also 
does  not  appear  in  the  1896  revision  of  the  6-inch  map. 
pj  j^  j^  We  have  here  another  recently  cut  chalk  bank, 

FR  c'\^    which  of  course  does  not  appear  on  the  6-inch 
'■''-'       map.     It  contained  masses  of  iron  pyrites.     We 
refer  it  to  the  extreme  top  of  the  zone  of  Rhynchonella  cuvieri, 
PI  D   No    8         ^  small  exposure,  also  not  on  the  1896  revised 
FT  ffi       6-inch  map,  with  a  poor  surface.     The  pit  lies 
I-   *  ^■'       north  of   Arreton  Church  and  a  footpath   leads 
straight  to  it  from  the  village.     We  found  Terebratulina  gracilis 
and  small  rod-like  coral  Onchoirochus  serpeniinuSy  which  we  have 
generally  found  in  the  Terebratulina  gracilis-zone. 
PI  D  No  ^^'  another  small  exposure  not  marked  on  the 

FH  n  •  T  ^^1  ^^^^^^^  "^^P  ^^  1896.  We  fancy,  however,  from 
L  •  P-  •  •  g-J  correspondence  with  Mr.  Griffith,  that  this  section 
must  have  been  in  existence  for  a  good  many  years,  and  that 
it  is  the  one  which  originally  contained  a  shed.  The  shed  no 
longer  exists,  and  the  bank  has  recently  been  cut  back.  The 
section  is  chiefly  of  interest  from  the  fact  that  the  "  black  band  " 
is  seen  in  the  floor  of  the  pit,  and  that  the  "spurious  Chalk 
Rock  "  is  found  in  the  south-eastern  corner,  with  the  **  grey  marl- 
band  "  at  the  top  of  the  pit  with  a  few  feet  of  flintless  chalk  above 
it.  We  have  here,  then,  the  two  highest  beds  of  the  gracilis' 
chalk  and  a  thin  capping  of  the  Holaster  planus-zout^  the  latter 
yielding  us  no  fossils.  The  graa'lis-beds  afforded  a  list  of 
seventeen  species,  including  Terebratulina  gracilis ^  Terebratula 
semiglobosa^  Rhynchonella  reedensis,  Cidaris  serrifera^  Pentacrinus 
and  Serpula  ilium.  The  most  interesting  record,  however,  is  an 
example  of  Bicavea  rotaformis  between  the  "  black  "  and  "  grey 
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marl-bands."  *  This  must  be  one  of  the  ancestors  of  the  race,  for 
it  is  many  feet  lower  in  position  than  usual. 

Crossing  the  road  which  intersects  the  Down  at  right-angles, 
we  reach  one  of  the  fairest  spots  in  an  island  where  the  abandoned 
quarry,  clothed  in  luxuriant  vegetation,  reaches  a  degree  of  beauty 
which  it  is  difficult  to  exaggerate. 

PI  D  No  ^^^^  ^^  ^^^  famous  little  disused  pit  which  for 

FH  D  •  T  ^°1  ^^  niany  years  has  yielded  Bicavta  rotafortnis  in 
L  -P--  -g-J  gucjj  abundance  and  perfection  in  preservation, 
and  is  one  of  the  few  well-weathered  inland  exposures  in  the 
Isle  of  Wight.  It  is  mentioned  by  Mr.  Strahan  {op.  cit  p.  87) 
who  says  that  Mr.  Whitaker  (in  1865)  found  the  Chalk  Rock  at 
the  bottom  of  the  section.  The  surface  is  becoming  much  over- 
grown with  vegetation,  and  at  the  time  of  our  visit  both  the 
**  black-band  "  and  the  "  spurious  Chalk  Rock  "  were  hidden  by 
the  talus.  The  physical  features  in  pits  vary  with  time,  and  this 
is  a  very  good  instance  in  point.  The  "  grey  marl-band,"  however, 
was  clearly  shown,  and  as  there  are  several  feet  of  chalk  exposed 
below  it,  there  is  no  doubt  that  the  extreme  top  of  the  gracilis' 
chalk  is  still  uncovered. 

As  on  the  coast,  Bicavea  rotaformis  is  found  in  the  extreme 
base  of  the  flinty  chalk  as  well  as  in  the  top  of  the  flintless  series. 
Neither  Mr.  Strahan  nor  Mr.  Jukes-Browne  mention  the 
occurrence  of  Bicavea^  which  is  strange,  for  the  surface  is  literally 
rough  with  the  remains  of  this  beautiful  and  distinctive  bryozoon, 
examples  of  which  have  for  many  years  been  preserved  in  the 
Museum  of  Practical  Geology.  The  north-eastern  comer  of  the 
pit  curves  back  a  little,  bringing  in  the  flinty  beds  entirely.  We 
found  no  Micraster  or  Echinocorys  in  the  flinty  beds,  but  we 
collected  in  all  thirty  species  here,  including  Holaster  planus^ 
Cidaris  serrifera^  Pentacrinus^  Terebratulina  gracilis^  Terebraiula 
setniglobosa^  Terebratula  camea^  Inoceramus  brongniarii  and 
Serpula  ilium.  At  the  present  time  the  zone  of  Holaster  planus 
is  alone  capable  of  being  worked. 

pj  pv  j^  We  now  come  to  the  most  famous  of  all 

FA  \f  ^^  ^V"  ^  quarries  in  the  eastern  and  western  limbs 
LA.q.:  M.:  u.:  ua.j  ^^  ^^^  ^^^^^  j^j^^^^  ^^^  ^^^^^  Downend 

Pit,  north  of  Arreton.  It  occupies  the  unusual  position  of  the 
summit  of  the  Down,  and  is  cut  through  the  zones  of  Micraster 
cor-ancrtdinum^  Marsupiies  testudinarius  and  Actinocamax 
quadratus.  We  made  a  careful  examination  of  the  north-western 
corner  of  the  pit  but  could  find  no  trace  of  a  mucronata  fauna. 
Mr.  C.  Griffith  and  Mr.  R.  M.  Brydone,  and  subsequently  Mr. 
W.  Hill,  were  the  first  to  discover  Marsupites  plates  here.  We 
may  say  at  once  that  this  quarry  is  singularly  disappointing  so  far 
as  fossils  are  concerned.  At  the  time  of  our  visit  in  the  spring  of 
1 905  the  quarrymen  were  working  the  top  of  the  MarsupitesAxmA 
and  the  base  of  the  Actinocamax  guadratus-zorxe.    The  remaining 
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surfaces  were  very  poor  and  the  chalk  grey  with  long  exposure. 
Beginning  at  the  south-western  corner,  where  the  chalk  is  grey  and 
fragmentary,  we  find  no  zonal  fossils  whatever,  though  it  is  obvious 
that  we  must  here  be  in  the  zone  of  Micrasier  cor-anguinum.  In 
the  southern  part  of  the  eastern  wall  we  found  body-plates  and 
brachials  of  Uintacrinus^  and  these  were  followed,  as  we  passed 
northward,  by  a  fair  number  of  plates  of  Marsupites.  We  found 
Ostrea  wegmanniana  associated  with  Uintacrinus  and  several  of 
the  typical  pyramidal  shape-variations  of  Echinocorys  scutatus 
with  Marsupites,  The  quadraius-^^c\2i}^  yielded  us  no  belemnite, 
and  Mr.  Griffith,  Mr.  Brydone  and  Mr.  Hill  were  equally  unfor- 
tunate in  this  respect,  though  the  latter  records  Actinocamax 
granuiatus  in  the  top  beds  of  the  Marsupites-chaik,  If  Mr.  Hill's 
localisation  of  this  belemnite  be  correct,  we  have  here  an  occur- 
rence unique  both  in  the  Isle  of  Wight  and  in  the  corresponding 
chalk  in  Dorset,  for  in  both  localities  we  have  only  found  it  in  the 
base  of  the  Actinocamax  guadratus-zont,  Cardiaster  pillula  was 
represented  by  one  very  large  example  found  in  the  northern  wall 
of  the  pit  by  us  ten  years  ago,  well  up  in  the  quadratus-^2^y  and 
Mr.  Hill  also  secured  one  example,  while  Mr.  Griffith  and  Mr.  Bry- 
done failed  to  find  it.  Mr.  Hill's  example  was,  curiously  enough, 
obtained  well  down  in  the  J/ariw//V«-band  (Jukes-Browne,  <?/.«/. 
vol.  iii,  p.  92),  and  we  have  only  twice  found  this  urchin  at  this 
low  horizon,  and  both  were  solitary  examples  at  West  Bottom, 
near  White  Nolhe,  and  at  Margate.  From  the  quadraius-^?^  we 
are  able  to  record  a  list  of  28  species,  and  among  them  a  number  of 
the  typical  gibbous  form  of  Echinocorys  scutatus^  Crania  egnaberg- 
ensiSy  Pecten  cretosus^  the  Cribrilina  mentioned  on  page  341  of 
our  paper  on  Kent  and  Sussex,  and  Serpula  turbinelia. 

The  whole  of  the  C/infacrinus-band  and  all  but  the  extreme 
top  of  the  Marsupites-haj\d  are  crowded  with  flint  courses.  Then 
follows  a  comparatively  flintless  area  of  some  40  ft.  with  two 
pairs  of  marl-bands  in  it,  each  pair  being  about  1^  ft.  apart.  This 
area  corresponds  to  the  flintless  belt  described  by  Mr.  Whitaker 
(Jukes-Browne,  op.  cit,  vol.  iii,  p.  93)  at  Culver  Cliff.  It  will  be 
seen,  therefore,  that  the  whole  evidence  points  to  the  fact  that 
Marsupites  occurs  in  flinty  chalk,  for  it  was  so  at  the  Culver, 
Freshwater  Bay,  ScratchelFs  Bay  and  pit  No.  40  at  Bembridge 
Down.  We  made  careful  search  here  for  the  four  remarkable 
green  nodule-beds  which  we  describe  at  Culver  Cliff  (p.  245),  but 
failed  to  find  them  either  in  the  quarry  face  or  in  the  fallen  chalk 
below.  This  disappearance  of  so  marked  and  unique  a  feature 
in  so  short  a  distance  is  not  a  little  interesting,  and  affords  a 
cogent  argument  for  the  futility  of  trusting  to  mere  lithological 
features. 

Dr.  Barrois  (op,  cit.  pp.  24-28)  describes  the  zones  in  this 
quarry,  but  his  description  is  not  easy  to  follow,  as  on  p.  27  he 
says  that  the  Margate  chalk  (/.  e,  the  zone  o{  Marsupites)  is  found 
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in  the  southern  part  of  the  quarry,  and  on  the  following  page  he 
states  that  the  Craie  i  B6lemnitelies  is  in  contact  with  the  zone 
of  Micraster  cor-anguinum,  Mr.  Strahan  {of,  cit  p.  93)  merely 
gives  a  transcription  of  Dr.  Barrois. 

PI  D      No   ^o  There  is  another  pit  on  sheet  95  N.E.  of 

fM  c-al  the6-inchmap,  and  thisistobeseenontheroad 
^  '  •"  •J  at  the  north-western  corner  of  Standen  Copse. 
It  is  only  a  small  pit,  with  many  pipes  filled  with  ferruginous  loam. 
There  can  be  no  hesitation  in  referring  it  to  the  zone  of  Micraster 
cor-anguinum^  as  we  found  a  well-preserved  example  of  the  name- 
fossil  characteristic  of  the  upper  part  of  the  zone.  Fossils  are 
rare  and  we  can  only  record  Crania  egnadergensis^  Terebratulina 
striata^  Serpula  ilium  and  masses  of  Inoceramus  cuvieri — the 
latter  being  in  this  island  practically  distinctive  of  this  zone,  when 
it  occurs  in  profusion  such  as  this. 

The  North  Side  of  the  Downs  of  Arreton,  Merslev, 
AsHEV,  Nunwell  and  Brading. 

Arreton  Down. 

As  one  would  naturally  expect,  all  the  quarries  on  the  northern 
margin  of  the  Down  are  cut  in  the  zones  of  Belemnitella 
mucronata  and  Actinocamax  quadratus^  and  it  may  be  said  at 
once  that  they  are  mostly  abandoned  workings  and  singularly 
barren  to  the  collector. 

p,   j^  j^  A  small  exposure  situated  to  the  south  of  the 

'rpi    ^-  31-  eastern   end   of  Saltmoor  Copse.     It  is  hardly 

^  '  ^'^  worth  examining,  as  it  consists  of  an  ancient  talus 
with  a  small  and  badly  exposed  surface  at  the  top.  Here  we 
obtained  no  zonal  fossils,  but  from  the  general  appearance  of  the 
chalk  we  should  be  inclined  to  place  the  pit  in  the  zone  of 
Actinocamax  quadratus  rather  than  that  of  Beltmnitella 
mucronata. 
pj  p,    j^  An    old    grass-grown    quarry    south    of   the 

fB  m^  western   end  of  Hoglease  Copse.     Only  a   lew 

^   *     ■-'  inches  of  chalk  are  exposed,  but  we  found  an 

example  of  Belemnitella  mucronata  in  the  mouth  of  a  rabbit- 
hole. 

PI  p   j^  Contrary  to  our  expectations,  this  section  did 

'  r  /      1'  ^^'  not  turn  out  to  be  in  the  mucronata-chaXk,     It  is 

^   '  ^'-l  rather  a  large  pit,  now  densely  wooded,  and  has  a 

cart-track  leading  to  it  from  Hoglease  Copse.  There  can  be 
little  doubt  as  to  the  age  of  this  section,  as  we  found  six  examples 
of  the  shape-variation  of  Echinocorys  smtaius  characteristic  of  the 
quadratus'zoxio,  and  one  of  Cardiaster  pillula.  All  the  northern 
part  of  the  quarry,  now  grassed  over,  must  have  been  cut  in 
w«^<?/ifl/a-chalk. 
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Mersley  Down. 

p,  «  j^  A  pit  of  medium  size,  recently  worked,  and 

FB  m  1        situated  in  a  copse.     It  is  south-east  of  Duxmore 

^  '     '-'         Farm.    Here  again  the  zone  is  obvious,  for  we 

obtained  two  examples  of  the  EcAinoconus-shsiped  Echinocorys 

which  is  found  only  in  the  zone  of  Belemnitella  mucronata, 

PL  E  No     c  ^^^^  ^^  oiiQJt  a  large  working,  but  is  now  only 

r^al  ■       ^"^"^^^  ^"^  ^  small  face  at  the  southern  end. 

L"    M-J         Fossils  are  very  scarce,  for  we  can  only  record 

the  gibbous  shape-variation  of  Echinocorys  scutatus  characteristic 

of  the  quadratuS'ZOViQy    typical   columnars    of  BourgueticrinuSy 

Rhynchanella  reedensis  and  Pecten  quinquecostatus.   Even  were  not 

the  position  of  the  pit  suggestive  of  the  lower  zone,  the  evidence 

of  a  quadratus  fauna  is  quite  sufficient. 

Ashey  Down. 

PI  E  No  a6  ^^^^  ^^  ^^  ^^^  quarry  lying  between  the  race- 
[B  m  •  A.  a  1  ^^"^*^  ^"^^  Ashey  sea-mark.  It  is  now  little 
L  •  •  •  4-1  worked,  the  surface  is  very  disappointing,  and 
fossils  are  rare.  At  the  north-east  corner  of  the  quarry  we  found 
the  small  pyramidal  shape-variation  of  Echinocorys^  Crania  costata 
and  Farina  filiformiSy  so  we  can  at  once  assign  this  area  to  the 
mucronata-TJOin^.  At  the  mouth  of  the  cave  we  obtained  the 
gibbous  shape-variation  of  Echinocorys^  and  by  climbing  up  the 
steep  talus  to  the  back  of  the  pit  we  found  another  example  of 
the  same  form.  The  southern  end  of  the  pit,  therefore,  belongs 
to  the  quadratus-<^)3^, 

PI  E  No  AC  ^   small  exposure  at  the   Ryde  Waterworks 

Fa  a  1  ^^*^^y  remarkable  for  the  fact  that  it  exhibits  a 
'■  ^*-'  little  slide-plane.  In  the  line  of  crush  the  chalk 
and  flint  are  ground  up  to  fragments,  and  while  the  flints  on  the 
south  side  are  practically  intact,  those  on  the  northern  side  are 
shattered  to  splinters.  Fossils  are  rare  even  for  the  quadratus- 
chalk  of  the  Isle  of  Wight,  for  we  only  collected  Rhynchonella 
limbaiOy  Spondylus  spinosus^  Ostrea  vesicuiaris,  Ostrea  semiplana. 
Asteroid  ossicles,  Serpuia  ampullacea^  and  PorosphcBra  globularis. 
The  shells  were  of  the  usual  colour,  and  not  red  as  in  the 
«w^f^«a/a-chalk.  The  zoological  evidence,  slight  as  it  is,  points 
in  the  direction  of  the  Actinocamax  quadratiis-zon^  for  even  in 
small  sections  of  the  mucronaia'ChsX]^.  we  can  generally  find  one 
of  the  small  pyramidal  forms  of  Echinocorys,  even  if  the  name- 
fossil  be  absent.  There  is  a  steep  talus  of  chalk  tipped  from  the 
excavation  for  the  reservoir  above,  and  this  is  equally  barren  of 
fossils.  The  position  of  the  pit  in  any  case  leaves  us  in  no  doubt 
as  to  the  zone. 
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N unwell  Down. 

PI  E  No  South  of  Nunwell  Rookery  is  a  lai^e  pit,  the 

(B  ^^'  surfaces  of  which  are  worked  at  various  levels,  but 
•-  '  J  they  are  all  uniformly  poor.  The  extreme  back  of 
the  pit  gave  us  no  zonal  fossil,  but  the  lower  surfaces  at  the  back 
and  sides  yielded  several  examples  of  the  pyramidal  shape- 
variation  of  EchinocorySy  so  that  the  pit  may  safely  be  placed  in 
the  zone  of  Btlemnitelia  mucronata. 

PI  E  No    -2  ^  small  pit  consisting  chiefly  of  talus,  but  with 

IB       ^    '  ^  few  ^6^t  of  recent  surface  at  the  top.     We  found 

•-   ■     'J       here  three  examples  of  the  small  pyramidal  form 

of  Echinocorys^  so  that  the  bulk  of  the  section  may  with  certainty 

be  assigned  to  the  mucronata<^i}^. 


Brading. 

PI  F   No  ±2  ^^  ^^  outskirts  of  Brading,  north-west  of  The 

TB  ml       ^^y  ^s  a  pit  of  moderate  size  wherein  we  found 
'■    *     '-'      Belemnitella  mucronata^  the  small  pyramidal  shape- 
variation  of  Echinocorysy  and  Rhynchonella  limbata :  so  there  is 
no  doubt  as  to  the  horizon, 

PI  F     No  J.8  '^^^^  ^^  merely  a  bank  exposure  at  Brading 

FH  D  •  T  ff  -R  cl  ^"  *  '^^^^  wherein  the  limekiln  is  situated. 
L  .p..  .g. .  .  .J  It  extends  from  opposite  a  house  called  "The 
Mount "  to  below  the  limekiln,  and  gives  a  range  from  the  upper 
part  of  the  zone  of  Rhynchonella  cuvieri  to  the  lower  part  of  the 
Holaster  planus-zoT\^^  the  lowest  flint  line  in  the  latter  bed  being 
shown.  The  surface  is  much  hidden  by  bushes,  and  no  fossils 
could  be  found,  while  for  the  same  reason  we  could  not  define 
the  "  spurious  Chalk  Rock  "  and  the  "  black  marl-band."  By  an 
unfortunate  oversight  this  section  has  not  been  marked  on 
Plate  F. 

PI  F   No  A I  '^^^    railway  cutting    south-west    of   Brading 

FB  m  •  A  a  1  ^^^^*^"  affords  a  fair  section,  the  northern  one- 
L  •  ••  -q-J  tj^jr(j  Qf  which  is  in  mucronafa-chsAkj  while  the 
remainder  belongs  to  the  zone  of  Actinocamax  quadratus.  From 
the  higher  zone  we  obtained  a  list  of  nineteen  species,  and  among 
them  we  note  the  small  pyramidal  form  of  Echinocorys^ 
Rhynchonella  plicatilis,  Rhynchonella  Iwida/a,  the  large  form  of 
Cmlosmilia  laxa^  Serpula  turbinella^  Porina  filiformis  and  other 
rather  characteristic  bryozoa.  An  interesting  occurrence  was 
that  of  Cardiaster  pillula^  which  was  in  the  lower  part  of  the 
mucronata-c}c\^)ii^  but  not  at  the  base.  A  reference  to  the  Zonal 
Summary  (p.  311)  will  show  that  in  the  Isle  of  Wight,  at  any 
rate,  the  presence  of  this  urchin  does  not  of  necessity  indicate  the 
zone  of  Actinocamax  quadraius.     Towards  the  southern  end  of 
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the  section  we  found  an  example  of  Aciinocamax  quadratus  and 
an  aggregation  of  the  large  form  of  Serpula  ilium  so  massed 
together  as  to  look  like  a  colony  of  Serpula  plexus  with  very  fine 
tubes.     No  other  zonal  fossil  was  found  in  the  guadratus-chaXk. 

The  Central  Mass. 

We  have  already  explained  our  reason  for  restricting  the  survey 
of  the  eastern  and  western  limbs  of  the  Chalk  Ridge  to  Shalcombe 
Down  and  Arreton  Down  respectively,  and  we  now  proceed  to 
examine  the  Central  Mass.  Clearly,  the  area  can  best  be  attacked 
from  Carisbrooke,  for  there  is  no  part  from  Pay  Down  on  the 
west  to  Pan  Down  on  the  east,  nor  the  Downs  of  Chillerton, 
Shorwell  and  Limerstone  on  the  south,  which  are  not  within  the 
scope  of  a  walker  of  ordinary  abilities.  Moreover,  the  lengthy 
western  portion  of  this  area  can  readily  be  rendered  easy  of  access 
by  using  the  railway  to  Calbourne. 

The  North  Side  of  the  Downs  of  Carisbrooke, 
Apes,  Little,  Westover  and  Pay. 


All  pits  in  PI.  C.  of 

our  Map,  except  No. 

72,   73  on    rl.   B. 

(Pan  Down). 


I  95  N.W. 
Sheets  of  the  6-inch  Ordnance  Survey.  <  ?^  q  p" 

(94S.'W. 


We  propose  to  at  once  reduce  the  work  before  us  by  taking 
all  the  pits  along  the  Chalk  and  Tertiary  junction,  passing  west- 
ward from  Carisbrooke  by  way  of  Apes  Down  House,  Ashengrove 
and  Newbarn  to  Calbourne,  then  following  the  road  southwards, 
past  Westover  and  Gottenleaze,  to  a  pit  (No.  69)  on  the  300 
contour-line  on  Westover  Down.  Leaving  the  main  road  we  then 
take  the  path  up  the  Down,  through  Westover  plantation,  to  the 
northern  extremity  of  Pay  Down.  It  is  clear  that  all  these 
exposures,  with  the  exception  of  pit  No.  69  on  the  300  contour- 
line  at  Westover  Down,  are  likely  to  be  in  the  mucronatacYidilk, 

The  need  for  giving  the  contour-line  in  the  eastern  and 
western  limbs  of  the  Chalk  Ridge  is  small,  as  nearly  all  the  pits  are 
on  the  northern  and  southern  margins  of  the  Downs ;  but  in  the 
case  of  the  Central  Mass  it  is  clearly  a  convenience  to  know  them, 
so  we  propose  to  place  them,  where  possible,  in  round  brackets 
on  the  same  line  as  the  number  of  the  pit. 

Carisbrooke. 

PI  r  No  60(200^  ^^^^  P*^  ^^"^  ^^"^^  disused,  and  occu- 
FR       1  P^^^  ^y  ^  house  and  shed,  is  mentioned  by 

L   •  '"•J  Mr.  Jukes-Browne  {op,  cit.  vol.  iii,  p.  94)  as 

Mord  (i,e.  Mora)  Cottage,  as  the  one  in  which  Mr.  W.  Hill 
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obtained  Magas  pumilus  and  part  of  a  belemnite.  The  flints  are 
black  or  greyish-brown,  with  thin  white  cortices,  and  the  surface 
of  the  chalk  is  much  obscured.  The  only  zonal  fossil  yielded  by 
the  wall  of  the  pit  facing  south-west  was  one  example  of  the  small 
pyramidal  form  of  Echinocorys  and  Porina  filifonnis.  In  the 
portion  of  the  pit  in  which  the  outhouse  stands  we  found  three 
examples  of  Echinocorys^  all  crushed,  but  suggestive  of  the  shape- 
variation  characteristic  of  the  quadratus-zon^^  and  a  calyx  of 
Bourgueticrinus  of  smaller  size  than  is  usually  found  at  the  same 
horizon.  .  It  is  possible,  therefore,  that  there  may  be  here  a  junc- 
tion of  the  two  zones,  but  the  mucronata-^TXia  would  have  to  be 
very  thin  to  allow  for  this  condition. 

PI  r     XT    ^    /       \         ^  ^'^^  house  is  being  built  opposite 

r?  B       1  °       Osborne  View  Cottage  and  the  chalk  from 

I-      '  °^'-'  the  foundations  was  lying  in  heaps.     We 

found  two  examples  of  Echinocorys  scutatus^  but  they  were  too 

broken  for  determination. 

T>i  r^     XT    /;   /       \         Two  large  heaps  of   chalk    from   the 
Y\,  u    JNo.  02  t2oo;.  excavations  for  the  reservoir.     The  chalk  is 
L   •  °^'-l  grey  with  age  and  singularly  poor  in  fossils. 

Three  large  examples  of  Serpula  iurbinella  and  Porina  fiiiformis 
were  the  only  fossils  suggestive  of  a  zone.  Only  fragments  of 
Echinocorys  found. 

PI  r  No  6^  (iq6\  ^^-  ^^^^^^  <PP'  «'^-  P-  27)  and  Mr.  Jukes- 
ri,  v..    i^o.  03  vj««y-  Browne  (op,  ciL  iii,  p.  94)  mention  this  pit, 

•-   ■  "^ -'  but  neither  of  them  record  any  fossils.     The 

pit  is  a  large  one  and  is  occasionally  worked,  the  surface  being 

fairly  good.     The  flints  are  black,  with  thin  white  cortices.     We 

obtained  here  one  example  of  Belemnitella  mucronata  and  five  of 

the  small  pyramidal  shape-variation  of  Echinocorys, 

Apes  Down. 

PI  r     No  66  ^  c  ^         ^  P^*  ^^  moderate  size,  with  fairly  good 
*    ■   TTj  '     y^^^r  surface,  between  the  200  and  300  contour- 
L   •  '^'J  lines    and    immediately    to    the    east    of 

Apesdown  House.  The  only  zonal  fossils  found  were  two 
examples  of  Belemnitella  mucronata  and  two  tall  dome-shaped, 
but  laterally  compressed,  forms  of  Echinocorys,  Flints  greyish- 
black,  with  thin  white  cortices. 

PI  C  N  67  ^  \  At  the  farm  of  Apesdown  House  is  a 
fB^  7  V^oo;-  small  pit  in  a  pig-run.  Here  we  obtained 
I    •  ni*  I  t^Q  examples  of  the  small  pyramidal  form 

of  Echinocorys, 

PI  r  Mr.  ^»/-»  r^\  Between  Apesdown  House  and  Ashen- 
ri.  K..    XNO.  05  ^oo;.  g^^y^  .g  ^  g^^jj  pj^  ^^  ^^  g^^^j^  g.^^  ^^ 

^   •  ""■-'  the  road.     The  surface  is  poor  and  the  only 

fossil  which  we  could  find  was  the  small  pyramidal  Echinocorys, 
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p\  c   K  /  Tr-N         On   the  north    side  of   the  road  and 

ri.i^.  XNO.  100^275;.  opposite  No.  68  is  a  small  pit  with  very 
^  *  ™* '  poor  exposure.     Again  the  small  pyramidal 

forai  of  Ecfunocorys  was  our  only  fossil.  The  pit  lies  nearer  the 
300  than  the  200  contour-line. 

P!  r  M  8/  N  ^^^^  ^s  ^  venerable  surface  behind  some 
n.^..  wo.io5(2oo;.  ^^^^^^  ^^  Ashengrove,  in  which  the  small 

™  pyramidal    shape-variation   of   Echinocorys 

scutatus  was  our  only  zonal  fossil. 

PL  C  N  (  \  ^^^  ^^  '^^  ^"^^  exposure,  save  No.  69, 
FA  ^^^^^''  which  is  not  near  the  Tertiary  junction,  for 
L   *  ^'-l  it  lies  a  quarter-of-a-mile  south  of  the  road 

and  to  the  east  of  High  Wood.  It  is  a  large  pit  with  a  good  air- 
weathered  surface  at  the  top.  The  flints  are  pinkish,  with  thick 
white  cortices.  We  obtained  here  Cardiaster  pillula  and  the 
shape-variation  of  Echinocorys  and  Baurgueticrinus  characteristic 
of  the  zone  of  Actinocamax  quadratus. 

Little   Down. 

PI  C  No  ii  xi  \  ^^  ^^  north-east  of  Calbourne,  in  the 
FB^^l  rickyard  of  Newbarn  Farm,  is  a  small  pit  with 

•-  *™'-'  poor    surface.     The    flints    are    grey,   with 

thin  white  cortices.      Two  examples  of  Belemnitella   mucronata 

were  found. 

PI  r  iM  «  /  r  \  ^^  ^^^  P^^'  ^^^^  hardly  any  surface,  in 
'FB  m  1^  the  yard  of  Pitt's  Farm,  Calbourne.  The 
^  '     'J  flints    are    grey,   with    thin  white  cortices. 

Six  examples  of  the  small  pyramidal  Echinocorys  were  found. 

Mr.  Jukes-Browne  (op,  dt,  vol.  iii,  p.  94)  says  that  Belemnitella 

mucronata  has  been  obtained  here. 


Westover. 

PI  r  XT  /;  /  \  North  of  Calbourne  Bottom  is  a  small 
FA  1  ^°°^*  pit  with  a  ruined  kiln.  It  is  at  the  west  side 
^      ^'J  of    the  road  which    crosses   the  Westover 

Down  at  right-angles.  The  flints  are  large,  grey,  with  thick 
milky  cortices.  We  here  found  Cardiaster  pillula  and  the 
gibbous  shape-variation  of  Echinocorys  characteristic  of  the 
^»^m/»x-chalk. 

PL  C  No  7    {  ivS         ^^^  ^^  Gottenleaze  Cottages  is  a  small 
'r-n  '*^S^*^f'  pit  wherein  the  flints  are  grey,  with  thick 
^  '  °^'-l  milky    cortices.     It    will    be    noticed    that 

though  No.  69  is  in  quadratus-chalk  the  flints  of  the  two  pits  are 
identical,  thus  showing  that  it  is  useless  to  rely  much  on  them 
for  zonal  determination.     We  collected  here  twelve  examples  of 
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the  small  pyramidal  form  of  Echinocorys  and  two  of  BelemniitUa 
mucronata, 

PI  r  No  *i    i  t.  \         West  of  Westover  plantation  is  a  disused 
ri.  v..  j^o.^Y35o;.  ^j^  ^^  scattered  chalk  on  the  grass  from  the 
•-    '     'J  rabbit-warren.      Flints  are  grey,  with  thick 

milky  cortices.  At  the  mouth  of  a  rabbit-hole  we  found 
Belemmteila  mucronata. 

Pay  Down. 

PI  p     K     -     /       \  North  of  the  Ancient  Cemetery  is  a 

ri.  ij.  ^o.  ^2.  ^325;.  ^igygg^  q^^^  Qf  largg  si^e  with  a  few 

»-   •  °^'-'  small  surfaces  under  the  turf.     The  flints 

are  grey,  with  thick  milky  cortices.  Fossils  are  scarce,  but  we 
found  BeUmnitella  mucronatOy  Porina  filograna^  Rhytuhonella 
plicaiilis  and  the  large  dome-shaped  Echinocorys. 

East  Side  of  Garstons  and  Newbarn  Downs,  and  South 
Side   of   Chillerton,  Shorwell,  Limerstone,  Brighstone, 

MOTTISTONE  and   PaY   DoWNS. 


All  pits  on  PI. 

C.  of  our  map 

except  No. 72. 

PL  B, 


f  95  N.W.    97  N.E. 
Sheets  of  the  6-irtch  Ordnance  Survey     \  95  N.W.    94  S.E. 

[98  N.W.    94S.W. 

Garstons. 

PI  C     No   «;o  ^^00^  ^^  Garstons  Farm  there  is  a  large  pit 

TH  sT  ^^  ^  recently  worked  surface.     As  this 

•-    '    "J  section  is  in  a  zone  below  the  range  of  our 

work  we  do  not  give  a  list  of  fossils. 

PI  C     No   ^2  (^00)  A  small  pit  in  the  zone   of  Holasier 

FH  s  1  subglobosus  chalk  on  Garstons  Down,  south- 

^    '    '-'  west  of  Newbarn.     Passing  up  the  Down 

from  this  pit  is  a  cart-track  leading  to  No.  53.     In  the  bank  of 

this  track  there  is  a  continuous  exposure  of  the  base  of  the 

Rhynchoneila  cuviert-zone,  and  Inoceramus   mytiioides  is   found 

abundantly. 

PI.  C.  No.  53  (400).  A  small  pit,  nearly  obliterated,  in  flintless 
[R.  C.J  chalk.     Inoceramus  mytiioides  is  common. 

PI.C.N0.  54.54*(Soo).  ^^^  ^''^!]^^"Pr  '^^  «^rt-track  for 
FAng'  flint  eravell  another  hundred  feet  we  notice  very 
^     ^  &         -J       large  flints  by  the  road-side  resembling 

those  from  the  quadratus  and  mucronata-^2l^.  The  reason  for 
this  is  clear  when  we  arrive  at  the  pits,  for  they  consist  entirely  of 
milk-white  flints  with  no  admixture  of  chalk.  The  flints  are  of  all 
sizes,  many  of  them  measuring  one  or  two  feet  across,  and  the  whole 
deposit  is  bound  together  with  a  mass  of  flint  splinters.     We  have 
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here  the  flinty  residue  of  the  whole  of  the  flinty  chalk,  due  entirely 
to  subaerial  denudation.  The  flints  are  sharp  and  angular,  and 
no  casts  or  adherent  fossils  could  be  found.  The  large  area  of 
the  central  mass  of  the  Chalk  Ridge,  and  of  the  southern  mass, 
occupied  by  this  angular  flint  gravel  is  graphically  indicated  on 
the  geologically  coloured  i-inch  map  of  the  Geological  Survey. 
We  describe  this  exposure  because,  knowing  the  thickness  of  the 
zones  of  Ryhnchonella  cuvieri  and  Terebratulina  gracilis^  it  is 
obvious  that  this  gravel  rests  on  the  base  of  the  latter  zone.  All 
these  pits  are  simSar,  so  this  description  will  do  for  alL 

Newbam. 

pi  P  u      j>  y      X       A  small  pit  recendy  worked.    The  same 

rL  U.  wo.  5»  ^300;.    -u«ii-    u    «p^n    :„    th*.    nafh    Ua/lmir  from  tKU 


chalk  is  seen  in  the  path  leading  from  this 
quarry  on  the  eastern  side  of  Long  Copse. 
PL  C  No  C7  ^       X        A  pit  of  medium  size  with  a  fairly  clean 
rxT*  ^'i''^°^^*  surface.   It  is  also  in  the  Holaster  subglobosus- 


[H.S.] 

No.  57 
[H.S.] 

Barrows  (tumuli). 


zone  and    lies    to  the  north-east  of   Five 

Chillerton. 

PI  r  XT  ef.  iA  rs"-  ^  \2LXg(&  working  pit  with  a  ruined  kiln 
FH  sV^^^'  situated  on  the  southern  edge  of  Chillerton 
»-    '    J  Down.     Marls  of  AcHnocamax   pUnus  not 

exposed. 

PLC  No  cc  ^coo^       ^  cart-track  leads  from  No.  56  to  this  pit 
'  rj.'  ^5^^^     *'  which  has  an  exposure  of  flintless  chalk,  grey 
'-   '  ^J  with  age,  at  the  top  of  the  section.     Fossils 

are  difficult  to  find  in  this  loose  laminated  chalk,  but  we  collected 
five  examples  of  Inoceramus  mytiloides^  two  of  Inoceramus 
brongniarti^  and  two  spines  of  Cidaris  hirudo.  We  refer  this  quarry 
to  the  top  of  the  Rhynchonella  cuvieri-zone.  Mr.  Strahan  {op,  «'/., 
p.  85)  mentions  a  pit  on  the  projecting  promontory  of  chalk  of 
Chillerton  Down,  which  he  says  touches  the  Chalk  Rock.  Pit 
No.  56  is  on  the  actual  promontory,  and  at  the  time  of  our  visit 
there  certainly  seemed  to  be  no  trace  of  the  greenish  nodule-bed. 
From  the  base  of  this  pit  the  track  leads  up  the  hill,  and  on  the 
bank  we  successively  pass  the  chalk  of  Holaster  subglohosus  and 
Rhynchonella  cuvieri. 

Shorwell. 

PI  C  No  8   ^       X  On  the  eastern  side  of  the  road  in  Shorwell 

TR  o    H     ?^''  Shute  is  the  very  large  quarry  mentioned  by 

Li^  c. :  ti.  S.J       j^j.  sty^jjan  (pp.  dt,  p.  85).  The  bulk  of  the 

pit  is  cut  in  the  zone  of  Holaster  subglobosus  and  it  is  capped  by 

Proc.  Gbol.  Assoc.,  Vol.  XX,  Part  4,  1908.]  20 
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the  zone  of  Rhynchonella  cuvieri.  On  the  talus  we  found  Inocer- 
amus  mytiloides.  The  marls  of  Actitwcamax  pUnus  could  not  be 
detected. 


Limerstone. 

PI  r     isj     ft   /..     \         On  the  southern  edge  ot   Limerstone 

ic  M  1  ^°^"   ^^  ^  ^"^^  P^'  ^^^  ^  well-exposed 

»-   *     'J  surface,  probably  in  the  Chalk  Marl  rather 

than  in  the  zone  of  Holaster  subglobosus.    It  appears  to  be  one 

of  those  mentioned  by  Mr.   Strahan  {op.  cit^  p.  85)  and  by 

Dr.  Barrois  (op.  city  p.  18). 

j>\  r  XT  ft«./A  \  Higher  up  the  Down,  and  to  the  west 
rH"tV  °^  ^^-  ^*'  ^^  another  small  pit  which  we 

L    '     J  refer  to  the  zone  of  Holaster  subglobosus. 

PI  C     No  8   ^c     ^         ^^  ^^  corner  of  the  Down  is  a  pit  of 

*  rVr       r^MV    niedium  size  with  a  fair  surfiace.     Mr.  Strahan 

[rt.  s.:u.jyi.j      (pp,cit,  p.  85)  suggests  that  the  Middle 

Chalk  {i.Cy  the  zones  of  Rhynchonella  cuvieri  and  TerebrafuUna 

gracilis)  are  exposed  in  the  series  of  pits  near  Coombe  Tower. 

We  see  no  grounds  for  this  supposition,  and  Mr.  Strahan  gives 

no  zoologicd  evidence  in  favour  of  it.    Possibly  he  refers  to  the 

group  of  pits  farther  west  (No.  77). 

Pir'Mft^rN  ^  small  pit  with  slight  exposure  at 
rw  «V  ^^^*  ^^«  ^OP  on  the  edge  of  the  Down,  north- 
west of  No.  83. 


[H.  s.] 


Brighstone. 

PI  r    Mn  Tft/^TtN         North  of  Buddlehole  Spring,   on  the 

rp  r    A  r.    H  qI  ^^8®  ^^  ^^^  ^^^^^  ^^  a  Small  pit  which 
LJS..C..  A. p..  n.  S.J  gjj^^g  ^^^  ^^p  ^^  ^j^^  Holaster  subglobosus- 

zone,  the  AcHnocatnax  plenus  marls  and  the  base  of  the  zone  of 
Rhynchonella  cuvieri.  We  had  no  difficulty  in  finding  Inoceramus 
mytiloides.     Mr.  Strahan  {pp.  city  p.  84)  mentions  this  section. 

PLC.  No.77-'»-«-(40o).        0"  *«  ^^™  f'<*.\°/  *^'°»<J  ''^<* 
r  jT    ' :  rp  ^T    '   crosses  the  Down  at  nght-angles,  is  a  fine 

L    •  P-  •     •  B- J         series  of  three  connected  pits,  constituting 

the  most  interesting  section  in  this  southern  area.     Dr.  Barrois 

{op.  city  p.  1 8)  and  Mr.  Strahan  {op.  city  p.  84)  mention  these 

quarries. 

The  lowest  pit  (a)  is  cut  in  the  ^a^T/fj-chalk,  and  possibly 
the  top  of  the  Rhynchonella  cuvieri-zone  may  be  hidden  under  the 
talus.  At  the  north  side  of  the  section  we  find  the  white  siliceous 
nodules  in  sitiH  a  few  inches  below  the  turf  cap. 

In  the  middle  pit  {b)  the  base  of  the  section  is  in  the  top  of  the 
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gradlis<^t\aXkj  but  the  "  spurious  Chalk  Rock  "  is  hidden  by  talus, 
while  the  "  black  marl-band  "  and  the  "  grey  marl-band  "  are  both 
well  displayed  in  their  usual  relative  positions.  The  whole  of  the 
remaining  surface  is  cut  in  the  zone  of  Hoiaster  planus. 

In  the  highest  pit  {c)  the  same  series  is  shown  as  in  {b\  only 
it  is  much  better  displayed,  for  we  have  a  fine  exposure  of  the 
"spurious  Chalk  Rock,"  the  "black  marl-band"  and  the  "grey 
marl-band."  As  Dr.  Barrois  points  out,  the  position  of  the  "  black 
marl-band  "  is  clearly  indicated,  owing  to  the  thin  line  of  vegeta- 
tion which  it  supports  by  reason  of  the  fact  that  the  clay  retains 
more  moisture  than  the  chalk.  We  searched  for  the  Bicavea-hedf 
but  the  surface  in  which  it  should  occur  was  grey  with  age,  and 
we  failed  to  find  it. 

We  obtained  a  full  list  of  fossils  characteristic  of  the  upper  part 
of  the  gracilis-hed  and  the  lower  part  of  those  of  Hoiaster  planus ^ 
and  we  can  recommend  this  as  one  of  the  few  pits  in  the  island 
which  a  collector  would  care  to  visit.  In  the  Hoiaster  planus- 
chalk  we  had  the  good  fortune  to  record  two  rare  zonal  occurrences, 
namely,  Echinoconus  conicus  and  Discoidea  dixoni — the  former 
for  the  first  time  in  our  experience.  The  position  of  the  salient 
lithological  features  in  pit  {c)  is  well  brought  out  in  Plate  XXIII. 
The  range  from  the  zone  of  Hoiaster  subglobosus  to  that  of 
Hoiaster  planus  is  so  well  shown  in  the  sequence  of  pits 
(No.  77-78),  that  we  spent  much  time  in  endeavouring  to  bring 
out  the  zonal  sequence  in  a  photograph.  We  found  this  to  be 
quite  impossible  to  achieve  owing  to  the  high  bank  on  the 
southern  side  of  the  road.  The  sequence  is  rendered  more 
graphic  by  reason  of  the  fact  that  due  south  of  No.  78,  at  Rock, 
a  section  of  the  Malm  Rock  of  the  Upper  Greensand  is 
conspicuously  displayed. 


Mottistone. 

PIP    M     T/;/c^         ^^  ^^  eastern  end  of  the  southern  edge 

Yh     •  C  Ml      ^^  Mottistone  Down,  well  to  the  west  of  the 

I-    '  ^'  •     '     'J      road  crossing  the  Downs  at  right-angles,  is 

a  series  of   large  workings  embracing  the   zone  of  Hoiaster 

subglobosus  and  the  Chalk  Marl. 

pir  isi  'I  icc  \  "^^^^  ^^  ^  double  pit  at  the  angle  of 
rp  A  w  1  Mottistone  Down,  south  of  the  site  of 
LK.C.:  A.p.:n.s.|  Harboro'  (tumuli),  mentioned  by  Mr. 
Strahan  (op,  cit.^  p.  84).  It  shows  a  section  of  the  top  of  the 
Hoiaster  subglobosus-zont^  the  marls  of  Actinocamax  plenuSy  and 
the  base  of  the  RhynchoneUa  £uvieri»zone.  In  the  latter  bed 
Inoceramus  mytiloides  is  common.  We  entirely  agree  with 
Mr.  Strahan's  description  of  this  section. 
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Westover. 

PI  C    No  Tclc     ^         So  as  to  save  the  unnecessary  journey  to 
'         rxT  7   ^^^^^'  examine  one  pit  we  now  climb  to  the  top 
l-'^'J  of  Westover  Down  in  the  hope  that  the 

summit  may  yield  us  one  of  the  rare  middle  zones.  As  a  pit  it 
is  non-existent,  but  in  a  shallow  depression  was  much  loose 
chalk,  grey  with  long  exposure.  By  dint  of  handling  nearly  the 
whole  of  this  unpromising  material  we  had  the  good  fortune 
to  find  C/intacrinus,  together  with  the  tall  pyramidal  shape- 
variation  of  Echinocorys  scutatus^  characteristic  of  the  zone  in 
question,  and  Lima  decussata. 

Pay  Down. 

PI  B    No  ^xixooS         ^"  either  side  of  the  cart-track  at  the 
'    *  fH      1  south-western  end  of  Pay  Down  there  is  a 

L    •  P'-l  small  bank-exposure  of  the  Holaster  planus- 

chalk,  which  yielded  the  gibbous  form  of  Echinocorys^  character- 
istic of  the  zone. 

Having  examined  the  northern  and  southern  edges  of  the 
Central  Mass  it  will  be  found  convenient  to  divide  the  remaining 
pits  into  three  groups :  those  along  the  Shorwell  Road  on  the 
eastern  side  of  Bowcombe  and  Cheverton  Downs,  including 
those  on  the  eastern  and  southern  sides  of  the  Roman  Road  on 
Bowcombe  and  Idlecombe  Downs  ;  those  on  the  northern  side  of 
the  Roman  Road  at  Rowridge,  Swaintondown  Gate,  Little  Down, 
and  Newbarn  Down ;  and  those  in  the  immediate  vicinity  of 
Carisbrooke.  From  the  point  of  view  of  conformation  it  might 
have  been  better  to  have  included  those  north  and  south  of  the 
Carisbrooke  area  in  the  groups  on  the  northern  and  southern 
edges  of  the  Chalk  Ridge,  but  the  distance  involved  renders 
such  a  course  inadvisable.  Method  and  symmetry  in  arranging 
field-work  is  essential,  but  it  is  also  necessary  to  bear  in  mind 
the  walking  capacity  of  the  ordinary  geologist ;  and  having  been 
over  the  ground  we  feel  that  this  arrangement  is  the  one  which 
best  meets  both  issues.  We  found  that  we  could  visit  every 
pit  marked  in  the  area  which  we  have  included  in  the  Central 
Mass  in  five  days. 

The  Downs  of  Bowcombe,  Idlecombe,  and  Cheverton. 

PI.  C.  of  our  Map    Sheets  of  the  6-in.  Ordnance  Survey  employed  {  ^  q  ^ ' 

Bowcombe. 

131  r*  M  f.^  (a^  \  ^^^^  small  pit  on  Bowcombe  Down 
FM  at  ^'  is  south-west  of  the  Anglo-Saxon  Cemetery, 
L    •  ^•"  -J  and  was  referred  by  Dr.  Barrois  (op,  cit^ 

pp.  24-27)  to  the  zone  of  Micraster  cor-anguinum^  as  he  found 
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there  the  name-fossil  and  Echinoconus  vulgaris,  Mr.  Strahan 
{op,  cit^  p.  92)  is  content  to  quote  Barrois.  The  surface  is  poor, 
and  the  flints  are  grey-black  (a  few  pinkish),  with  rather  thin 
white  cortices.  From  our  small  list  we  quote  Micraster  cor- 
anguinuniy  five  examples  of  Echinoconus  vulgaris^  the  zonal  shape- 
variation  of  Echinocorys  scuiatus^  Cyphosoma  konigi  and  Pecten 
cretosus, 

PI  r  \r     »T    /       \  On  the  western  side  of  the  road,  opposite 

rL  v..  JNa  79^200;.  Bo^combe  Farm,  is  a  small  pit  in  flintless 
I-    *  ^'J  chalk,  with  poor  surface,  in  a  cottage  garden. 

Inoceramus  mytiioides  is  common. 

Cheverton. 

PLC.  No.  80(300).  About  li  miles  farther  south,  on  the 
i-T*  1^''  '  western  side  of  the  road,  is  another  small  pit 
*-"'-*  in  the  Rhynchonella  cuvieri-zone  in  the  farm- 

yard at  Cheverton. 

Leaving  the  Shorwell  Road  at  Rowborough  Farm  we  take  the 
cart-track  leading  almost  due  north  to  Idlecombe  Down.  As  we 
ascend  the  hill  we  see  evidence  of  what  once  must  have  been  a 
fair  section  in  the  zones  of  Rhynchonella  cuvieri  and  Tertbraiulina 
gracilis  in  the  western  bank  in  the  lane. 

At  the  top  of  the  lane  is  a  gate,  and  immediately  beyond  it, 
on  the  east  side  of  the  track,  there  is  a  small  hole  in  the  bank  from 
which  a  few  loads  of  chalk  have  been  taken.  This  is  on  the  300 
contour-line. 

PI  C  No  88C^oo^  '^^'^  ^*  ^^  ^^^^®  exposure  in  question, 
•     '   fr "« i  ^»d  ^^  it  we  see  a  quite  recognisable  section 

L   *  °' '  of  the  "  spurious  Chalk  Rock,"  and  we  can 

trace  the  same  bed  of  yellow  and  green  nodules  in  the  unmetalled 
surface  of  the  track  a  little  higher  up.  This  pit  is,  therefpre,  in 
the  top  of  the  ^on'/w-beds. 

Still  passing  up  the  track,  we  find  bank  exposures  in  the  zones 
of  Holaster  planus  and  Micraster  cor-testudinariuniy  though  we 
could  obtain  no  zoological  evidence  of  the  latter. 

There  is  a  track  along  the  foot  of  Idlecombe  Down,  leading 
due  west  to  the  British  Village,  and  following  the  300  contour- 
line.  On  the  northern  side  of  the  path  there  is  an  exposure  of  a 
few  inches  of  yellow  nodular  chalk  in  which  we  found  only  Tere- 
bratula  semiglohosa  and  Spondylus  spinosus.  We  have  no  hesita- 
tion in  referring  it,  however,  to  the  zone  of  Holaster  planus, 

Mr.  Strahan  {op,  cit^  p.  86)  says,  "  There  are  sections  of  Upper 
and  Middle  Chalk  close  together  in  a  lane  leading  up  the  hill  to 
the  north-west  from  Bowcombe,  but  no  section  of  the  Chalk 
Rock."  It  is  probable  that  the  section  was  more  recent  and  less 
overgrown  when  Mr.  Strahan  saw  it,  though  we  had  the  advantage 
of  seeing  the  little  pit  above  the  gate. 
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Idlecombe. 

PI  r     \rn  «^  /.-/^  \         ^  s"^^l^  P^'  ^^  '^^  Idlecombe  Down, 

FM  c-aJ  ^^  '^®  ^^"'^  ^^^^  °^  ^^^  Roman  Road, 

*-'""-'  with  a  very  poor  surface.     The  flints  are 

milky-white,  with  thin  white  cortices.      We  found  Micraster 

cor-anguinum  and  an  abundance  of  Inoceramus  cuvieri^  so  there  is 

not  much  doubt  about  the  zone. 

PL  C     No  87  f «;     ^         South  of  No.  86,  with,  if  possible,  an 
FM  c     1  even   worse  exposure,  is  another  pit   in 

L    •    -"^J  the  same  zone.     We  obtained  Echinocarys 

scuiaius,  of  the  shape-variation  peculiar  to  this  zone,  and 
there  was  the  same  abundance  of  Inoceramus  cuvieri.  Flints 
the  same  as  in  No.  86,  though  some  of  them  are  of  a  pinkish 
tinge. 

ROWRIDGE,      SWAINTONDOWN       GaTE,        LiTTLE       DoWN,      AND 

Newbarn  Down. 

PI.  C.  of  our  Map.      |      Sheet  of  the  6-iDch  Ordnance  Survey  94  S.E. 

Rowridge. 

PI  r  N  n  (  \  Crossing  the  Roman  Road  we  strike 
FM  a-a.1  '  northwards  to  Rowridge  Farm,  where  we 

L    *    "  J  find  a  small  pit  with  hardly  any  exposure. 

Flints  are  pinkish  grey,  with  thick  pink  or  white  cortices.     The 

only  fossil  found  was  Inoceramus  cuvieriy  and  that  was  abundant. 

We  have  no  doubt  as  to  the  horizon  of  this  pit,  even  though 

direct  zoological  evidence  is  lacking. 

PI  r     \r       ft  /       \         Another    small    pit,     north-west     of 

FM^c-al  ^^^     ^^^"^S^    ^^™-       '^^^    surfaces    were 
^    '    ''J  much  obscured  by  downwash  from  the 

soil-cap.  Flints  are  black,  a  few  being  pinkish,  with  thin 
cortices.  One  example  of  Micraster  cor-anguinum  found,  and 
Inoceramus  cuvieri  abundant  This  pit  is  very  near  the  junction 
with  the  Uin/acrinus-hsindi  but  the  crinoid  was  not  found. 

Swaintondown  Gate. 

PI  C  No  ^cc  ^  Swaintondown  Gate  is  a  farm  south- 
FIT  ?^  ^^^^^'  west  of  Rowridge  Farm,  and  as  it  stands 
^    "J  on  the    highest    level    which  we    have 

worked  in  this  area  of  the  Central  Mass  we  were  in  hopes  that 
it  would  give  us  a  higher  horizon.  We  found  only  a  small 
disused  pit  with  a  few  inches  of  chalk  below  the  turf  and 
loose  chalk  on  the  grass  slope.     The  flints  are  black,  with  thin 
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white  cortices.      By  dint  of  handling  the  bulk  of  the  loose 

chalky  we  found  a  number  of  plates  of   Uintacrinus  and  the 

barrel-shaped  columnar  of  Bourgueticrinus. 

PI  C  No  0^  (qoo)  Another  small  disused  pit,  north  of 
i-tt'  -f  ^  ^^  ^'  Swaintondown  Gate,  with  trees  growing 
*-    '-*  in  it,  and  with    the    same    few  inches 

of  chalk  below  the  turf  and  the  loose  fragments  on  the  grass 

slopes.     By  breaking  up  the  chalk  we  found  several  plates  of 

Uiniacrint^y  and  Rhynchonella  reedensis. 

Newbam. 
PI  r    No  Qi  ^lr^o^       '^^  "^^  P^'  ^^  ^  ^^^  *^*y  ^O  the 

•         r^ "  ^1  ^^^  ''  south-west,  and  is  south-east  of  Gotten- 
^   '  ^■•'  leaze.      It    is    small    and    with  a  poor 

surface,  and  fossils  are  very  scarce.  The  flints  are  large,  grey, 
with  thin  milky  cortices.  We  found  two  crushed  examples 
of  Echinocorys  scutatus  and  one  columnar  of  Bourgueticrinus  of 
the  shape-variations  suggestive  of  this  zone. 
PI  C  No  o4.^j.oo)  ^^^^  ^  mile  north-east  of  No.  91  is  a 
FA.  a  1  disused  pit  with  i  ft.  of  broken  chalk  below 

•-      ^*J  the  turf.     Flints  are  black  with  thin  white 

cortices.     Our  only  fossil  was  Echinocorys  scutatus  of  the  shape- 
variation  characteristic  of  the  zone. 


Little  Down. 

PI  r  Mr^  on  r^o«\  ^  ^^^  freshly-made  heap  of  chalk  from 
r?B  r  ^^^  g^^^^jQjj  fQ^  Calbourne  Reservoir. 
L      •  ™-J  Flints  milky,  with  thin  milky  cortices.     The 

chalk  is  clean  and  rain-washed,  but  singularly  barren  of  fossils. 

Two  fragments  of  Echinocorys  were  found,  but  nothing  distinctive 

of  a  zone.    There  can  be  little  doubt,  however,  that  it  lies  within 

the  mucronata-zon^, 

PI  r    No  06  (ao  \ '        ^"^  ^^^  ^^  ^^'  ^°  ^^  ^  small  pit  with 

FA  a  1  ^  ?^^^  surface   but  exhibiting  a    strange 

L   '  ^"  *  rarity  of  fossils.     Flints  black,  with  thick 

white  cortices.    The  only  fossil  of  a  distinctive  nature  was  an 

example  of  the  Cribrilina  generally  associated  with  the  quadratus- 

chalk.    We  incline,  therefore,  to  this  horizon,  for  the  position  on 

the  map  would  seem  to  make  the  age  quite  clear.     In  our  anxiety 

to  find  more  definite  evidence  we  paid  two  visits  to  this  pit. 

PI  C    No     1;  ^^00^         ^^  ^^  north-west  of  No.  96  is  a  pit  of 

'     '  r^  '  ^5.v3     h  fair  size  with  some  exposure  at  the  top  of  a 

L   '  °^'-l  steep  talus.     Flints  are  black  with  pinkish 

tinge  and  with  cortices  often  pink  and  moderately  thick.    Fossils 

are  very  scarce.     Mr.   Jukes-Browne  (op,  cit,^  vol.   iii,  p.  94) 
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evidently  refers  to  this  pit  as  he  localises  it  as  south-east  of 
Newbarn,  and  states  that  Belemnitella  mucronata  has  been  found 
there.  We  obtained  a  list  of  seven  species  on  our  first  visit,  but 
not  one  of  them  was  of  zonal  value,  but  at  a  second  examination 
we  found  Magas  pumilus  on  a  flint  The  section  must  be  very 
near  to  the  junction  with  the  zone  immediately  below. 

The  Carisbrooke  Area,  including  Mount  Joy  and 
Pan  Down. 

'''ou^r-  Map^'  ^^  "'  \  ^^^  "'  '»»  ^-i-"  O^"^-"-  Survey.  |   ^5  N.W- 

Mount  Joy. 

PI  n   M/^  T/>f /t^,.\         ^  ^^g^  quarry  in  White  Pit  Lane  with  a 
n.u.  JNO.  105^175;.  ^Qrking  kiln.     Flints  are  greyish  or  black, 
L   •  '^•J  yfjii^  thin  white  cortices.     We  found  here 

one  example  of  Belemnitella  mucronata  and  three  tall,  dome- 
shaped,  and  laterally  compressed  forms  of  Echinocorys  scutatus^ 
similar  to  those  obtained  in  Pit  No.  66  and  at  Alum  Bay. 
Mr.  Jukes-Browne  (op,  cit,^  vol.  iii,  p.  91)  mentions  the  fact  that 
fossils  are  very  scarce  here,  and  that  both  Mr.  Hill  and 
Mr.  Griffith,  for  want  of  zoological  evidence,  place  the  section 
tentatively  in  the  zone  of  Micraster  cor-anguinum.  The  very 
position  of  the  pit  would  make  such  a  horizon  unlikely,  and  the 
evidence  from  fossils  now  obtained  places  the  question  of  zone 
beyond  doubt. 

PI  yx    ^  /       N  On  the  south  side  of  Mount  Joy  is  a 

.    .      0.104(200;.  qy2j.j^  Qf  medium  size  in  flintless  chalk 

I-    *    'J  with  a  well-weathered  surface.    They  bum  the 

chalk  from  this  pit  in  the  kiln  of  No.  105.     Inoceramus  myiiloides 
is  abundant,  and   we  also  obtained  Rhynchonella  cuvieri  and 
Discoidea  dixoni,     Mr.  Strahan  mentions  this  pit  (op,  cit,^  p.  86) 
but  gives  no  fossils, 
•pi  n     u     f    /       \         ^^  ^^^  south-west  end  of  Mount  Joy, 

L  .  p. .  .  g. .  .  J  £^^  good  pits  in  the  whole  island,  giving  a 
range  from  the  zone  of  Rhynchonella  cuvieri  to  that  of  Holaster 
planus.  It  contains  a  working  kiln,  the  surface  is  in  the  main 
excellent,  and  it  is  one  of  the  two  pits  where  the  wotkmen  keep 
fossils  for  sale.  We  obtained  forty-two  species  here.  At  the 
time  of  our  visit  they  were  only  working  the  ^^i«7w-chalk. 
The  section  displaying  the  zone  of  Rhynchonella  cuvieri  is 
incomplete,  as  the  Actinocamax  plenus  marls  are  not  exposed ; 
moreover,  the  surface  is  not  of  the  best  Among  the  fossils 
obtained  from  this  horizon  we  record  Inoceramus  mytiloidesy 
Rhynchonella  cuvieri^  and  Ammonites  peramplus. 
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A  freshly  cut  surface  in  the  graa7is<ha\k  is  not  calculated  to 
yield  many  fossils,  but  from  a  list  of  thirteen  species  we  select 
Terebratulina  gracilis^  Echinoconus  subrotunduSy  Ammonites 
peramplusy  Kadiolites  mortoni  and  Nautilus, 

We  only  found  twenty-one  species  in  the  zone  of  Holaster 
planus y  but  among  them  we  note  Holaster  planus^  Micraster  leskei, 
Micraster  cor-boviSy  the  characteristic  shape-variation  oi  Echinocorys^ 
Echinoconus  vulgariSy  Cyphosoma  radiatumy  Rhynchonella  cuvieriy 
Terebratulina  graciliSy  Terebratula  camtay  Terebratula  semiglobosay 
Inoceramus  brongniarti  and  Bicavea  rotaformis. 

The  siliceous  nodules  were  found  in  situ  in  the  graa'lis-heds 
and  the  "  spurious  Chalk  Rock,"  together  with  the  "  black  marl- 
band"  and  "grey  marl-band,"  were  well  displayed.  The  "black 
marl-band"  can  here  be  readily  traced,  as  in  pit  No.  77,  right  across 
the  northern  wall  of  this  quarry  by  means  of  the  line  of  vegetation 
growing  on  it.  Mr.  Strahan  (op,  at,,  p.  86)  gives  detailed  measure- 
ments of  the  section,  and  in  speaking  of  the  obvious  fault  says : 
"  The  fault  runs  W.  1 5°  S.,  very  nearly  along  the  strike  of  the  strata 
which  it  throws  down  to  the  north,  its  effect  being  to  depress  out 
of  sight  an  unknown  thickness  of  the  upper  beds  of  the  Middle 
Chalk.  The  Dip  points  a  little  west  of  north  at  42^."  The 
siliceous  nodules  are  situated  in  the  north-east  comer  of  the 
quarry. 

Pan   Down. 

p,  ^  u  /  V  This  is  the  great  Shide  quarry,  the 
FB  .'l^^^?^^'  largest  and  most  actively  worked  in  the 
L  .  m. .  .  q.j  island.  Mr.  Jukes-Browne  (op  «/.,  vol.  iii, 
p.  93)  records  both  Belemnitella  mucronata  and  Actinocamax 
quadratus  from  this  pit  on  the  evidence  of  Mr.  C.  Griffith  and 
Mr.  R.  M.  Brydone,  and  the  former  belemnite  is  fairly  abundant ; 
but  though  we  made  diligent  search  for  it  in  every  accessible 
portion  of  the  south  side  of  the  pit  on  two  occasions  we  never 
had  the  good  fortune  to  find  the  latter,  nor  had  the  workmen 
any  at  the  time  of  our  visits.  The  foreman  is  quite  familiar  with 
the  two  forms  and  says  that  the  smaller  form  (Actinocamax 
quadratus)  is  very  rare,  and  is  only  found  at  the  southern  side 
of  the  pit  The  exposure  on  this  side  of  the  quarry  is  very 
poor,  and  we  could  obtain  no  evidence  of  a  fauna  indicative 
of  the  quadratuS'Zone,  Whether  there  be  here,  as  in  pit  No.  1, 
an  intermingling  of  the  two  belemnites  at  the  lower  limit  of  the 
mucronata-uon^y  or  an  actual  junction,  with  limitation  of  the  two 
belemnites  to  their  respective  zones,  we  know  not ;  nor  have 
Mr.  Griffith  and  Mr.  Brydone  any  more  conclusive  evidence  on 
this  point,  as  their  specimens  of  Actinocamax  quadratus  were 
obtained  from  the  workmen. 

We  collected    twenty-three  species  in  the  mucrona)azoney 
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including  BeUmnitella  mucronata^  the  small  pyramidal  form  of 
EchinocorySy  as  well  as  the  very  large  pointed  form  similar  to  that 
in  the  Norwich  chalk,  Cardiasier  pillula^  Magas  pumilus^ 
Rhynchonella  limbata  and  Forina  fUifomiis,  The  examples  of 
Magas  pumilus  and  Cardiaster  pillula  were  found  together  at 
the  highest  part  of  the  northern  wall  of  the  pit,  close  to  the 
Tertiary  junction.  We  mention  this  to  show  that  the  latter 
fossil  in  no  way  indicates  the  presence  of  quadratus-^^aa^  in  this 
island.  The  only  time  that  the  southern  wall  of  the  pit  can  be 
examined  in  comfort  in  when  the  workmen  are  absent,  as  blasting 
operations  are  constantly  going  on. 

PI  n  \r  I?  /  \  ^"  ^^  south  side  of  the  Down,  and 
rc  M  1  °°  "^"^^  ^^  ^^*  Standen  farm,  is  a  large  quarry 
'-   '      'J  with  a  working  kiln.     The  workmen  do  not 

Carisbrooke. 


keep  the  fossils. 


PI 


P  /       V  Mr.  Strahan  (pp.  cit^  p.  86),  speaking  of  the 

[T  ff  \         Middle  Chalk,  says,  "  We  first  see  it  in  a  cutting 
»-   *  ^'J  where  three  lanes  meet  at  Clatterford.    Thence 

it  runs  along  the  south  front  of  the  hill  on  which  the  castle  stands 
.  .  .  to  a  quarry  near  the  Convent."  At  the  time  of  our  visit 
there  was  a  small  bank  exposure  with  yellowish,  nodular  and 
flintless  chalk,  and  the  same  was  seen  in  the  footpath  leading  to 
the  castle,  but  the  "  Spurious  Chalk  Rock  "  was  not  seen,  though 
we  broke  down  the  surface  freely  with  a  liammer,  nor  could  we 
find  any  fossil.  The  horizon  is,  therefore,  speculative,  but  we 
prefer  to  place  it  in  the  upper  part  of  the  gradlis-htds  rather  than 
in  the  extreme  base  of  the  zone  of  Holaster  planus, 
PI  C  No  I02         South  of  the  Lukely  Brook  and  below  the  loo 

rVr    'i      *  contour-line  is  a  small  disused  pit  in  flintless  chalk. 

'■    '    '-I         The  chalk  is  covered  with  dust  and  no  fossils 
could  be  found ;  but  it  breaks  with  a  fracture  resembling  that  of 
the  zone  of  Holaster  subglobosus^  and,  when  placed  on  the  tongue, 
has  the  distinctive  taste  of  clay. 
PI  r  Mr.  /       \         On  the  western  outskirts  of  Clatterford, 

FM  c^-t  ■•  ^^^  ^"  ^^^  ^^^  ^^^®  ^^  ^^^  Shorwell  Road, 

'^    '    '"  'J  is  a  pit  of  moderate  size  in  which  is  situ- 

ated the  garden  of  Bowcombe  Bam  Farm.  As  the  pit  has  long 
been  disused  the  surface  is  not  inviting,  but  zonal  evidence  is  not 
wanting,  for  Micrasier  cor-iesiudinarium  and  Micraster  prtB- 
cursor  of  the  group-form  characteristic  of  this  zone  are  abundant, 
especially  the  former.  The  flints  are  solid  and  black,  and  have 
thin  white  cortices.  It  is  curious  that  this  pit,  situated  as  it  is  on 
an  interesting  zonal  level  of  the  Down,  has  escaped  the  notice  of 
previous  writers.  This  is  only  the  second  exposure  in  the  Island 
in  which  this  zone  is  exhibited. 
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PI    r    fi    {  Q  \         Following  the  Shorwell  Road  to  the  south 
[A      1  ^^  ascend  the  Down  at  Whiteland  Homestead 

I-   '  ^'-'  till  we  reach  its  crest,  and  there  on  the  400 

contour-line  is  a  small  abandoned  pit  with  a  few  inches  of  chalk 
below  the  turf  and  scattered  chalk  on  the  grass.  The  only  fossils 
we  found  were  Rhynchonella  plicatitis^  Jnoceramus  cuvieri  and 
Ostrea  vesicularis^  and  these  only  by  handling  all  the  scattered 
chalk  and  breaking  up  the  larger  pieces.  From  its  position,  how- 
ever, there  cannot  be  much  doubt  that  the  horizon  which  we 
give  is  correct.  We  place  it  in  the  base  of  the  zone. 
PI  r"  Mr.  T  /;  /^f.«\  ^^  ™ay  be  said  at  once  that  this  is  not  a 
rL  t^.  ^o.  100  ^350;.    pj^  ^^^  ^^^  unmetalled  cart-track  leading 

L    'J  down  to  Whiteland  Homestead,  with  lumps 

of  chalk  exposed  therein  at  intervals.  As  we  descended  the 
track  we  broke  up  the  surface  with  our  hammers  in  the  hope  of 
finding  MarsupUes^  but  without  result.  However,  in  the  position 
in  which  we  ought  to  find  Uiniacrinus  that  most  valuable  little 
guide-fossil  was  obtained.  Towards  the  bottom  of  the  lane  we 
found  the  nodular  chalk  of  the  liolaster planuszon^,  and  lower 
down  the  graciiischaWi  was  seen,  but  we  could  not  detect  the 
existence  of  the  "spurious  Chalk  Rock."  The  Chalk  Rock  line, 
however,  on  the  i-inch  map  coloured  geologically  is  drawn  through 
here  and  is  in  the  correct  position.  Possibly  this  lane  gave  a  good 
section  in  past  years. 

Summary  of  Information  Concerning  Chalk  Pits. 

So  many  of  the  pits  are  useless  to  the  collector  that  we  have 
thought  it  worth  while  to  bring  into  tabular  form  those  pits  which 
are  of  interest,  either  from  the  standpoint  of  prominent  lithologi- 
cal  features,  or  for  the  occurence  of  important  zonal  fossils.  In 
relation  to  the  latter,  it  may  be  said  at  once  that  none  of  the 
quarries,  save  Nos.  20,  27,  51  and  77,  are  richly  fossiliferous,  and 
that  those  which  display  the  lower  two-thirds  of  the  grad/is-beds, 
and  the  zones  Micraster  cor-tesiudinarium^  Micrasttr  cor-anguinum^ 
Marsupites  testudinarius  and  Actinocamax  quadratus^  though  the 
best  in  the  island,  are  poor  compared  with  the  standard  of  other 
and  more  favoured  localities  on  the. mainland.  The  numbers 
given  refer  to  the  number  of  the  pit  quoted. 

Sections  Showing  the  "  Spurious  Chalk  Rock  "  and  the 
"Black  Mari^band." — 19  Arreton,  37  Bradmg,  13  Shalcombe, 
51  Carisbrooke,  77  Mottistone,  the  Military  Road  at  Freshwater, 
and  Compton  Bay  and  Culver  Cliff  on  the  coast. 

Sections  Showing  the  White  Siliceous  Nodules. — The 
Military  Road  at  Freshwater,  13  Shalcombe,  51  Carisbrooke,  77 
Mottistone,  and  Compton  Bay  on  the  coast. 

Sections  Yielding  Cardiaster  piiiula. — 3  and  4  Afton,  14 
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Shalcombe,  69  Westover,  49  Shide,  99  Apes  Down,  41  Brad- 
ing  Station,  and  Scratchell's  Bay  and  Alum  Bay  on  the  coast. 

Sections  Yielding  Actinocamax  quadratus, — 1  Freshwater,  3 
Afton,  41  Brading  Station,  and  at  Culver  Cliff  and  Scratchell's 
Bay  on  the  coast. 

Sections  Yielding  Actinocamax  granuiatus, — 40  Bembridge, 
and  at  Culver  Cliff  and  ScratchelPs  Bay  on  the  coast. 

Sections  Yielding  Bicavea  roiaformis. — The  Military  Road 
at  Freshwater,  13  Shalcombe,  19  and  20  Arreton,  37  Brading,  51 
Carisbrooke,  and  at  Compton  Bay  and  Culver  Cliff  on  the  coast. 

Seci'ions  Yielding  Afagas  pumilus. — i  and  2  Freshwater, 
49  Shide,  9  High  Down,  95  Little  Down,  and  at  Alum  Bay  on 
the  coast. 

The  list  of  quarries  given  below  is  on  the  whole  the  best  which 
we  can  compile  for  the  display  of  the  various  zones  : — 

B,  m. — I  Freshwater  and  49  Shide. 

A,  q. — 14  Shalcombe. 

M, — 40  Bembridge  and  21  Downend. 

U, — 40  Bembridge. 

M.  c.-a.— 36  Brading  and  65  Bowcombe. 

M.  c.'t. — loi  Carisbrooke. 

H.p. — 20  Arreton,  37  Brading,  51  Mount  Joy,  and  77  Mottistone. 

T.g, — 37  Brading,  51  Mount  Joy,  and  77  Mottistone. 

R,  c, — 27  Mersley  and  104  Mount  Joy. 

Measurements. 

It  will  facilitate  reference  if  we  bring  together  in  tabular  form 
the  measurements  which  we  record  for  the  eastern  and  western 
ends  of  the  island.  Mr.  Ernest  Westlake  took  infinite  pains 
to  ensure  their  accuracy,  and  we  give  them,  in  full  confidence 
that  they  will  be  found  to  be  substantially  correct. 

The  comparison  between  the  eastern  and  western  ends  of  the 
island  would  have  been  of  greater  interest  had  we  been  able 
in  the  former  area  to  obtain  zonal  junctions  from  the  zone  of 
Rhynchonella  cuvieri  to  that  of  Micraster  cor-anguinum.  How- 
ever, by  working  at  low  tides,  and  by  dint  of  wading  and 
swimming,  Mr.  Westlake  managed  to  get  a  combined  measure- 
ment across  the  reefs  from  the  top  of  the  marls  of  Actinocamax 
pienus  in  Sandown  Bay  to  the  junction  of  the  zone  of  Micraster 
cor-anguinum  with  the  Uintacrinus-has\d  in  the  recess  on  the 
north  side  of  the  White  Horse  at  the  Culver.  The  latter 
junction,  it  will  be  remembered,  is  not  a  definite  one,  as  there 
had  been  a  fall  of  chalk  there  before  our  arrival,  and  the  cliff  at 
that  point  was  so  obscured  by  dust  that  fossils  could  not  be  seen. 
In  any  case,  the  junction  which  we  fixed,  corresponding  with 
the  north  side  of  the  incipient  Grand  Arch  before  mentioned, 
is  sufficently  close  to  be  of  value  in  making  a  calculation. 
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Mr.  Westlake  fixes  the  thickness  of  the  portionof  the  zones  which 
we  could  not  measure  in  the  cliff  (base  of  ^.  cuvieri  to  top  of  M,  cor- 
anguinum)  at  568  ft  This,  added  to  the  645  ft.  obtained  by 
actual  measurement  of  the  beds  above  the  Micraster  cor-anguinum- 
zone,  gives  a  total  thickness  for  the  eastern  end  of  1,213  ^^ 
If  we  take  the  measured  thickness  of  the  beds  in  the  western 
end  of  the  island,  from  the  top  of  the  Micraster  car-anguinum- 
zone  downwards,  which  comes  to  572  ft.  10  ins.,  and  add 
this  to  the  sum  of  the  higher  measured  beds  in  the  eastern  end, 
we  have  a  total  of  1,217  ft.  10  ins.,  as  against  the  measurement 
of  1,213  ft.  just  given.  The  two  totals,  estimated  in  this  way, 
are  only  five  feet  apart 

Comparing  now  the  eastern  and  western  measurements, 
respectively  1,213  ^^  ^^^  ^Al^  ft.,  we  find  a  difference  of  258  ft 
in  favour  of  the  western  end  ;  and  putting  aside  the  variation  in 
thickness  of  the  lespective  zones,  it  is  clear  that  the  chief  factor 
in  the  discrepancy  lies  in  the  larger  thickness  of  the  mucronata- 
chalk  at  the  Needles — a  difference  of  no  less  than  325  ft.  By 
subtracting  this  325  ft.  from  the  western  total  of  1,471  ft  we 
reduce  it  to  1,146  ft. ;  and  subtracting  the  last  figures  from  the 
eastern  total  of  1,213  ft  we  find  that  there  is  a  balance  of  67  ft. 
in  favour  of  the  eastern  end  of  the  island.  This  is  as  close  as  we 
could  reasonably  expect  to  get,  and  bears  out  our  opinion 
expressed  before  the  measurements  were  completed,  that  the 
eastern  measurements  would  work  out  as  high,  if  not  higher,  than 
those  of  the  western  series. 

The  thickness  of  the  tnucronata-K^aa^  varies  greatly  along  the 
northern  margin  of  the  Chalk  Ridge  and  testifies  to  an  amount 
of  pre-Tertiary  denudation  which  it  would  be  impossible  to 
anticipate.  For  instance,  at  pits  Nos.  1 1  High  Down,  4  and  8 
Afton  Down,  and  23  Mersley  Down  the  quadratus-c\\2i}^^  to  the 
best  of  our  belief,  has  a  junction  with  the  Tertiaries ;  while  in 
pits  Nos.  10  High  Down,  60  Carisbrooke,  19  Pan  Down  and  46 
Ashey  Down,  only  a  comparatively  thin  layer  of  mucronata-^i!^ 
intervenes  between  the  quadratus<^2^  and  the  Eocene. 


Table  of  Measurements. 


Western  end. 

Zone  of  BeUmnitilla  mticronata 

„  Actinocamax  quadratus 

„  MarsMpiUs  testudtnarius 

,,  Uintactrinus 

„  Micraster  cor-anguinum 

„  Micraster  cor-testttdinarium 

„  Holaster  planus    . 

„  Terebratulina  gracilis  . 

„  Rhynchonella  cuvitri    . 

Total 


Eastern  end. 


ft.  in.    ft.   in. 

475  o 

343  o 

310  o 

52  9 

59  9 

64  9 

84  7 


150) 
400 

42 

53 


572  10 


ft 


-645 


568 


1,471  10 


Total 


ft. 


645 


568 
1,213 
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Mr.  Strahan  (pp.  ciL^  p.  75)  gives  a  measurement  of  about 
i»S36  ft.  for  the  White  Chalk  at  the  Culver,  but  the  thickness  of 
the  chalk-with-flints,  which  is  given  as  1,350  ft.,  is  obtained  by 
estimation  and  not  by  direct  measurement;  while  the  fiintless 
chalk,  about  188  ft.,  was  measured  bed  by  bed  to  the  base  of  the 
Rhynchonella  cuvieri-zonQ, 

Mr.  Jukes-Browne,  on  the  other  hand  {op.  citj  voL  iii,  p.  88), 
bases  his  estimate  on  a  section  drawn  through  Arreton  DowU; 
and  gives  a  total  of  1,240  ft.,  and  he  considers  Mr.  Strahan's 
figures  as  rather  too  high.  In  this  opinion  we  entirely  concur. 
Mr.  Jukes-Browne  apportions  his  zonal  estimate  as  follows. 
They  are  suppositional  estimates,  and  not  direct  measurements, 
and  are  probably  based  on  the  figures  given  for  the  coast  of 
Dorset. 

ft. 

Zone  of  BiUmniiilla  mucronata 300 

„      Actmocamax  quadraius 400 

„      MarsupiUs  testudinarius  .      '  .  150 

„      Micrasttr  cor-anguinum 300 

„      MicrasUr  cor-Ustudinarium  and  HolasUr  planus        ,  90 

Total        ♦        .     1,240  ft. 

It  will  be  noted  that  Mr.  Jukes-Browne's  estimates  for  the 
zones  of  Micraster  cor-anguinum  and  Actinocamax  quadratus 
are  practically  identical  with  our  actual  measurements,  and 
that  those  for  the  combined  zones  of  Micraster  cor-testudinarium 
and  Holaster  planus  are  twenty-two  and  a  half  feet  less  than 
those  which  we  record.  On  referring  to  the  Geological  Survey 
Memoir  on  the  Cretaceous  Rocks,  vol.  ii,  p.  413,  we  find  a 
measurement  given  for  the  zones  of  Rhynchonella  cuvitri  and 
TerebratuUna  gracilis  of  151  feet  at  Compton  Bay,  and  this 
added  to  the  1,240  ft.  for  the  remaining  zones  gives  a  total  of 
1,391  ft,  or  186  ft.  in  excess  of  our  result. 

A  comparison  of  our  measurements  here  with  those  of 
the  Dorset  Coast  will  clearly  be  of  interest,  and  these  we  find 
are  73  ft.  in  excess  of  our  figures  in  the  Isle  of  Wight.  The 
measurements  selected  from  our  paper  on  the  Dorset  Coast 
are  those  which  we  believe  to  be  the  most  accurate.  They  are 
as  follows : 


Zone  of  Bilemnitella  mucronata 

„  AcHnocamax  quadratus 

,f  Marsupitts  iestudinarius 

„  Uiniacrinus 

„  Micraster  cor-anguinum 

„  Micrasttr  cor-testudinarium 

„  Holaster  planus   . 

„  Tirehratulina  gracilis  , 

„  Rhynchomlla  cuvieri    , 


ft. 
289  (2SO+39+X).' 
350 


81  I 
240 
"3 

51 

58 

76 


III 


Total    ,        .        1,288  ft. 
•  "  White  Chalk  oi  the  English  Coast."    Proc,  Geol  Assoc. ,  svi  (x).  p.  43,1901. 
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That  there  is  some  difficulty  in  arriving  at  a  definite 
measurement  in  rocks  tilted  at  varying  angles  may  be  judged 
from  the  following  totals  given  by  recent  writers  on  the  chalk  of 
this  island. 

ft. 

Dr.  Barrois 9S0  (290  metres). 

Mr.  Strahan 1,536 

Mr.  Jukes-Browne x,39i 

Mr.  Westlake 1.215   in  ^l^is  paper. 

We  now  revert  to  the  measurements  relating  to  pit  No.  i  at 
Freshwater  Gate,  which  we  touched  on  in  the  description  of  the 
pit.  As  the  mucronata-chalk  is  there  exposed,  and  as  we  get  a 
contact  between  the  zones  of  Actinocamax  quadraius  and 
Marsupites  on  the  shore,  it  is  clear  that  we  have  an  opportunity 
of  gauging  the  thickness  of  the  quadratus-cYidWi,  From  the 
junction  with  the  Eocene  to  the  southern  wall  of  pit  No.  i, 
wherein  we  found  two  examples  of  Belemnitella  mucronata^  is 
180  ft,  but  unfortunately  the  pit  is  not  cut  sufficiently  to  the 
south  to  justify  us  in  assuming  that  the  mucronata-chaXk  is 
complete  in  its  lower  direction.  Granting  that  it  be  so,  we  have 
only  a  measurement  from  the  southern  wall  of  the  pit  to  the  base 
of  the  quadratuS'ZOUQ  on  the  shore  of  314  ft.  At  Scratchell's 
Bay  we  obtained  a  thickness  for  this  chalk  of  343  ft.,  and  at  the 
Culver  of  400  ft.,  so  that  the  Freshwater  measurement  is 
conspicuously  less  than  either,  and  this  in  face  of  the  fact  that 
there  may  still  be  an  appreciable  thickness  of  mucronata-chsXk  on 
the  seaward  side  of  the  quarry.  We  do  not  seek  to  explain  away 
these  marked  variations  in  thickness,  but  simply  give  the  facts  as 
they  work  out.  The  position  of  the  pits  is  indicated  on  the 
map  (PL  A)  and  on  the  Key-plate  to  PL  XXI. 


LiTHOLOGICAL  SUMMARY. 

Save  for  the  indurated  nature  of  the  rock,  the  comminution 
of  flints,  the  "  spurious  Chalk  Rock,"  the  nodule-beds  at  the  top 
of  the  Marsupi^eS'bsind  and  the  base  of  the  zone  of  Actinocamax 
quadra/us,  the  "  black  marl-band "  and  the  siliceous  nodules  in 
the  graci7is-beds,  the  White  Chalk  of  the  Isle  of  Wight  offers  but 
little  to  distinguish  it  from  that  of  southern  England.  The  same 
indurated  nature  of  the  rock,  seaming  with  calcite,  and 
splintering  of  flint  was  seen  in  Dorset,  and  is  due  to  the  same 
cause — the  compression  of  rock  associated  with  the  tilting  of  beds 
at  high  angles.  Though  the  chalk  is  not  so  indurated  as  that 
within  the  area  of  disturbance  in  Dorset,  we  have  yet  to  see  a 
section  in  the  Island  where  the  chalk  is  not  abnormally  hard,  or 
where  fossils  are  capable  of  being  cleaned,  save  only  the  actual 
contact  with  the  Eocene  at  Alum  Bay.    As  a  rule,  the  hardness 


288      DR.  ARTHUR  W.  ROWE  ON  THE  ZONES  OF  THE 

increases  in  direct  proportion  as  we  ascend  the  zones,  for  the 
reason  that  the  stress  on  the  rocks  and  the  inclination  of  the 
beds  increase  in  like  manner. 


Zone  of  Rhynchonella  cuvieri. 

A  flintless  chalk  conforming  in  the  main  to  the  bed  of  this 
horizon  in  the  south  of  England  in  that  there  are  alternations  of 
smooth  and  nodular  chalk,  and  that  the  surface  is  rough,  at 
varying  levels,  with  fragments  of  Inoceramus  mytilotdes.  In 
Dorset  there  was  a  band  of  nodular  flint  near  the  junction  with 
the  zone  immediately  above.  There  is  no  trace  of  a  Melboum 
Rock  or  Grit  bed ;  indeed,  the  actual  base  of  the  zone  is  of  a 
green-grey  colour  from  admixture  of  marl,  and  has  several  strong 
dark  marl-seams  with  reddish  nodular  inclusions  in  them,  and  it 
is  not  until  about  8  ft  from  the  base  that  Inoceramus  mytiUndes 
becomes  at  all  abundant  It  is  difficult  to  account  for  the 
frequent  allusion  to  the  Melbourn  Rock  in  the  Geology  of  the 
Isle  of  Wight  {Mem,  GeoL  Survey),  for  nowhere  do  we  see  the 
base  of  the  zone  undercut  and  projecting  as  a  prominent  over- 
hang owing  to  the  falling  away  of  the  //<r/i«j-marls ;  nor  do  we 
ever  see  on  the  southern  flank  of  the  Downs  any  feature  thrown 
up  to  indicate  the  position  of  this  bed.  At  Dover  the  overhang 
of  the  Grit-bed  is  a  common  and  notable  feature. 


Zone  of  Terebratulina  gracilis. 

This  is  again,  as  in  Dorset,  a  wholly  flintless  chalk,  and  is  a 
counterpart  of  the  same  zone  in  the  southern  counties  in  that  the 
chalk,  though  white,  is  finely  veined  with  marl,  and  marly  partings 
are,  as  usual,  a  conspicuous  feature.  It  is  towards  the  top  of  this 
zone  that  Mr.  Whitaker's  "Chalk  Rock"  occurs— a  notable  bed 
of  yellow  or  green  nodules  in  a  rugged  yellow  matrix.  It  forms 
a  conspicuous  feature  in  the  clifl*s  and  quarries,  and  is  most  useful 
as  a  rough  guide  to  horizon.  Still  nearer  the  top  of  the  zone  we 
find  the  "  black  marl-band  "  which  was  first  pointed  out  by  Dr. 
Barrois,  and  save  only  for  the  "  black  band  "  in  Yorkshire,  which  is 
the  local  equivalent  of  the//i?««^-marls,  we  know  of  no  other  black 
marl-band  in  the  White  Chalk.  Curiously  enough,  it  never  shows 
up  as  black  in  colour  on  the  coast,  but  it  is  invariably  black 
inland,  and  can  always  be  traced  by  the  line  of  vegetation 
growing  on  it  on  account  of  the  greater  moisture  held  in  the  clay. 
The  position  of  these  two  features  is  found  in  the  description  of 
this  zone  in  Compton  Bay,  and  is  indicated  on  the  Key-plates  to 
Pis.  XXII  and  XXIII. 

But  the  chief  interest  in  this  zone  lies  in  the  distribution  and 
transitional  stages  of  silica.    We  have  called  this  a  flintless  chalky 
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and  so  it  is,  save  for  two  singular  bands  of  siliceous  nodules  bedded 
in  marl-seams  and  situated  about  37^  ft.  from  the  top  of  this 
zone.  Mr.  Strahan  records  these  nodules  in  his  Memoir,  for 
he  says  (pp.  city  p.  77)  "but  below  the  lowest  flint  there  occur 
nodules  of  hard  siliceous  chalk,  having  the  form  of  flints  but  the 
texture  of  chalk."  They  are  so  like  flints  that  when  we  first  saw 
one  we  gave  it  a  blow  with  the  hammer,  thinking  that  it  was  a 
white  flint,  and  were  surprised  to  find  the  hammer  cut  into  it  as  if 
it  were  chalk.  When  we  were  working  in  pit  No.  5 1  we  asked 
the  foreman  if  he  had  seen  them  before,  and  he  replied,  "  Yes,  I 
know  them  well.  They  won't  bum ";  and  in  support  of  his 
statement  brought  out  two  which  had  been  in  the  kiln,  with  the 
result  that  they  were  vitrified.  The  curious  part  of  the  distribu- 
tion of  silica  is  that  there  is  rather  more  than  40  ft.  of  flintless 
chalk  intervening  between  the  siliceous  nodules  and  the  first  bed 
of  hard  flint  in  the  zone  of  Holaster  planus.  But  these  flints, 
nearly  always,  in  the  Island,  of  the  nature  described,  are  remarkable. 
They  ring  to  the  hammer  like  an  ordinary  flint,  but  they  are  al- 
most white  from  cortex  to  centre,  and  quite  solid.  Some  get 
greyer  towards  the  centre,  and  others  are  white  throughout,  save 
for  little  greyish  areas  irregularly  distributed.  Above  this  bed  the 
flints  gradusdly  assume  the  ordinary  appearance,  ranging  in  colour 
from  grey  to  black,  with  thick  white  or  grey  cortices,  and  they  are 
solid  and  but  little  crushed.  So  white  are  the  flints  in  the  lowest 
flint-course  in  the  zone  of  Holaster  planus  that  they  show  up 
plainly  in  PL  XXII  of  pit  No.  37,  where  they  are  indicated  on  the 
Key-plate.  In  the  island  an  uncrushed  example  of  Echinocorys 
is  one  of  the  rarest  occurrences.  Our  few  comparatively  perfect 
specimens  are  in-filled  with  flint.  Though  by  no  means  con- 
clusive proof,  it  is  evidence  which  points  in  the  direction  of  the 
assumption  that  the  silica  had  in-filled  the  hollow  tests  of  these 
urchins  in  the  earlier  stages  of  the  history  of  the  Chalk,  either 
before  it  had  been  elevated,  or  in  any  case  before  it  had  the  later 
tilting  in  Tertiary  times.  It  certainly  looks  as  if  the  solid 
flint  mould  had  prevented  that  crushing  and  distortion,  so 
obvious  in  the  case  of  the  other  urchins  which,  by  reason  of  the 
absence  of  the  solid  core  of  flint,  were  less  able  to  pfier  resistance 
to  the  interstitial  movements  in  the  rock. 


REPORT    ON   A  WHITE  SILICEOUS  NODULE. 

By  GEORGE  THURLAND  PRIOR,    M.A.,  D.Sc,  F.G.S. 

The  nodule  from  the  gradlts-h^Asy  Compton  Bay,  submitted 
to  me  for  examination  by  Dr.  Rowe,  consists  of  fairly  pure 
silica  with  only  traces  of  calcareous  material.  Very  little  soluble 
silica  was  extracted  by  prolonged  digestion  with  a  strong  solution 
of  sodium  carbonate.  No  phosphate  was  detected  in  the  brown 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  4,  1908.]  21 
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surface  matter.  Under  the  microscope  a  thin  slice  shows  with 
I -inch  objective  and  between  crossed  nicols  only  one  or  two  in- 
distinct calcareous  remains  of  organisms,  and  here  and  there 
minute  flakes  of  quartz.  With  a  J^-inch  objective  the  section 
shows  between  crossed  nicols  a  similar  mottled  chalcedonic 
structure  to  that  observed  in  flints.  Compared  with  a  flint  from 
the  chalk  of  Margate  the  structure  of  the  nodule  only  differs  in 
being  rather  more  obscure  and  in  showing  fewer  round  patches  of 
distinctly  radiating  material.  Throughout  the  slice  very  faint 
curved  markings  suggestive  of  the  remains  of  foraminifera  can  be 
made  out     [G.T.P.] 

Zone  of  Holaster  planus. 

As  usual,  the  chalk  of  this  zone  is  rugged  and  nodular,  of  a 
somewhat  grey  tint,  contrasting  thereby  with  the  redder  tinge  of 
the  zone  above ;  though  the  distinction  is  not  so  marked  as  in 
Dorset.  There  is  no  Chalk  Rock  in  this  zone  in  the  lithological 
sense.  The  description  of  the  flints  in  this  zone  is  given  in  the 
last  paragraph  relating  to  the  gradlis-ton^.  The  grey  tint  of  the 
zone  is  due  to  admixture  with  marl. 


Zone  of  Micraster  cor-testudinarium. 

The  chalk  of  this  zone  is  of  the  usual  rugged  nature  from  the 
presence  of  bands  of  nodulat  chalk  irregularly  arranged  in  the 
smoother  and  softer  rock.  The  general  colour  of  die  zone  is 
somewhat  reddish  from  colouration  with  iron-oxide.  If  the  flints 
at  Watcombe  Bay  may  be  taken  as  an  index  of  the  rest,  they  are 
black  and  solid,  with  thin  white  cortices.  As  a  rule,  the  flints  are 
not  notably  shattered  in  this  zone,  and  they  follow  the  ordinary 
rule  of  being  arranged  in  irregular  courses.  Several  tabular  bands 
of  flint  occur  at  this  horizon. 


Zone  of  Micraster  cor-anguinum. 

Save  at  the  base  of  the  zone,  where  the  chalk  shows  several 
nodular  bands  similar  to  those  on  the  Sussex  coast,  the  rock  is 
smooth  and  massive,  and  the  flint-lines  run  in  regular  courses. 
The  flints  are  more  cavernous  than  in  the  zone  imnjediately 
below,  and  for  the  first  time  we  find  a  definite  proportion  of 
globular  flints,  which  frequently  enclose  remains  of  Flinthosella. 
The  flints  are  slightly  pink  towards  the  surface  and  have  thin 
cortices,  but  there  is  no  invariable  rule  on  this  point.  There  are 
occasional  bands  of  tabular  flint,  and  a  few  marl-seams. 
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Zone  of  Marsupites  testudinarius. 

The  chalk  is  compact  and  white,  and  the  flint  courses  are 
numerous,  but  not  so  regularly  arranged  as  in  the  zone  below. 
The  flints  are  solid  and  black,  and  as  a  rule  have  thick  white 
cortices,  but  here  again  there  are  frequent  local  variations,  as  we 
point  out  in  the  various  sections  of  the  paper. 

Zone  of  Actinocamax  quadratus. 

A  white  massive  chalk,  with  minute  veins  of  marl  traversing 
it,  and  with  open  seams  of  the  same  material  here  and  there. 
From  this  faint  admixture  with  marl  the  chalk  is  not  so  white  as 
the  zone  of  Belemnitella  mucronata.  The  flints  at  Scratchell's 
Bay  are  black  and  solid,  and  have  thin  white  cortices,  but  there 
is  no  limit  to  their  variation  in  other  sections.  Tabular  bands 
of  flints  occur  occasionally.  It  is  mainly  in  the  flintless  area 
of  this  zone  that  the  remarkable  green  nodule-beds  of  the 
Culver  are  situated,  allusion  to  which  has  already  been  made 
on  p.  245.  They  were  equally  well  displayed  in  a  freshly-made 
trench  at  the  top  of  Culver  Cliff*;  while  one  band  only  could  be 
found  at  pit  No.  40  on  Bembridge  Down,  and  none  at  Downend 
Pit  (No.  21)  or  at  Scratchell's  Bay.  As  in  Dorset,  the  flints  are 
sometimes  very  large  in  this  zone. 

Zone  of  Belemnitella  mucronata. 

This  is  essentially  a  pure,  white,  massive  chalk,  with  numerous 
irregular  flint  courses,  some  of  the  individual  flints  being  of 
great  size ;  but  there  are  no  pot-stones  or  paramoudras.  There 
is  no  limit  to  the  variety  in  colour  of  the  flints :  at  Scratchell's 
Bay  they  vary  from  black  to  a  rich  umber,  and  the  cortices  are 
respectively  either  fawn-coloured  or  white,  the  cortex  generally 
being  thin,  while  in  other  sections  the  body  of  the  flint  is 
smoke-grey  in  tint 

Zoological  Summary. 

So  many  workers  in  the  field  have  testified  to  the  usefulness 
of  a  fuller  discussion  of  the  zonal  fossils  in  a  summary  such 
as  this  that  we  have  no  hesitation  in  adopting  once  more  what 
has  now  become  our  usual  cx)urse.  Moreover,  a  survey  of 
critical  zonal  faunas  is  obviously  out  of  place  in  the  description 
of  the  various  cliff'  sections,  if  only  for  the  reason  that  it  would 
introduce  a  mass  of  detail  which  would  obscure  the  simplicity  of 
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the  issue  before  us.  It  must  be  understood  that  the  present 
tabular  summary  applies  to  the  faunas  of  the  several  zones  in  the 
Isle  of  Wight  alone.  Those  who  are  interested  in  these 
matters  will  see,  if  they  refer  to  the  previous  summaries  in  the 
four  divisions  of  this  work,  that  there  are  often  wide  divergences 
in  the  critical  faunas  of  the  counties  in  question.  After  all, 
however,  this  is  only  what  we  should  expect  to  find,  for  Nature's 
operations  in  the  present  are  only  an  echo  of  those  in  the  past, 
and  however  great  the  variations  in  the  zonal  guide-fossils  may 
appear  to  be,  this  very  variation  is  the  strongest  testimony  to  the 
validity  of  the  zonal  theory ;  for  comparatively  small  variations  in 
depth  of  sea  and  in  temperature  and  strength  of  currents  will  cause 
surprising  alterations  in  a  fauna  in  areas  which  are  geographically 
as  closely  related  as  the  counties  of  Dorset,  Wiltshire,  and 
Hampshire  are  to  the  Isle  of  Wight. 

The  longer  we  work  in  the  field,  and  the  more  we  extend  our 
observations  over  a  wider  area,  the  greater  is  the  vertical  range 
obtained  for  guide-fossils,  which  were  once  thought  to  have 
much  more  restricted  zonal  limits.  This,  again,  is  only  natural, 
but  the  fact  is  of  importance  in  that  it  tends  to  bridge  over 
apparently  unintelligible  gaps  in  the  life  history  of  certain  fossils. 
For  instance,  Kingena  lima  was  supposed  to  range  from  the 
upper  part  of  the  zone  of  Micraster  cor-anguinum  to  that  of 
Belemnitella  mucronata^  and  yet  it  existed  in  profusion  in  the 
zone  of  Holaster  subglobosus\  but  now  we  have  filled  in  the 
gap  and  find  that  at  the  levels  at  which  it  is  rarest  in  the 
Southern  Counties  it  is  commonest  in  Lincolnshire.  So  again 
with  Infulaster  rostraius^  a  rare  echinid  in  the  south  of  England, 
ranging  from  the  zone  of  Micraster  cor-anguinunt  to  that  of 
Actinocamax  quadratus :  but  our  investigations  in  Yorkshire  not 
only  extended  its  downward  range  by  one  zone  but  showed  it  to 
be  locally  at  a  certain  horizon  one  of  the  commonest  of  fossils. 
Cidaris  pkracantha^  hitherto  only  known  as  a  museum  curiosity 
in  the  zone  of  Holaster  sub^lobosus^  has  now  been  found  by  us 
in  the  mucronata-chz}^^  and  on  p.  317  we  show  how  the  gap 
between  these  two  distant  horizons  has  been  still  further  reduced. 
Other  less  important  work  in  the  same  direction  is  seen  in  the 
present  paper  in  the  increased  range  of  such  fossils  as  Cidaris 
clavigera^  Cidaris  suhvesiculosa^  Cardiaster  pillula,  Echinoconus 
subrotundus,  Echinoconus  vulgariSy  He/niaster  minimus^  Cypho- 
soma  spatuliferuniy  Ophiuray  Nautilus  cf.  atlas^  Aptychus 
portlockiy  Rhynchonella  reedensiSy  Rhynchonella  limbata^  Spondylus 
dutempleanusy  Lima  cretacea^  Lima  decussata,  Pteria  {Avicula) 
carulescenSy  Ostrea  wegmanniana^  Radolites  cf.  mortoniy  Plicatula 
barroisiy  Pollidpes  glaber^  Onchotrochus  serpentinus^  Micrabacia 
coronula^  Podoseris  sp.,  Stephanophyllia  bowerbanki^  Serpula 
pusilla  and  Serpula  cincta.      Some  of  these  are  also  new  records. 
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Zone  of  Rhynchonella  cuvieri. 

As  in  Dorset,  there  is  here  no  true  Melbourn  Rock,  and  our 
summary  must,  therefore,  be  one  for  fossils  common  throughout 
the  zone : 

Rhynchonella  cuvieri  . 
Inoceramus  mytiloides 
Discoidea  dixoni 
Hemiaster  minimus    . 
Ammonites  peramplus 
Serpula  avita 


84  ft.  7  in. 


Other  characteristic  fossils  are :  Echinoconus  subrotunduSy  Car- 
diaster  pygmauSy  Cardiaster  crttaceus  and  Salenia  granulosa. 

Save  at  the  extreme  base  of  the  bed  in  the  Island,  Rhynchonella 
cuvt'en' and  Inoceramus  mytiloides  are  found  in  abundance  through- 
out the  zone,  but  the  latter  gets  rarer  as  we  near  the  junction  with 
the  zone  immediately  above.  These  are  the  only  two  fossils 
which  we  can  always  count  on  finding  in  the  wretched  surfaces 
seen  in  quarries  in  the  Island.  The  longer  we  work  in  the 
field  the  more  are  we  convinced  that  in  inland  sections  at 
any  rate,  the  lamellibranch  as  proposed  by  Dr.  Barrois,  is  the 
more  suitable  name-fossil,  both  from  its  relative  abundance,  the 
ease  with  which  it  catches  the  eye,  and  its  complete  restriction 
to  the  zone  under  discussion. 

The  only  other  fossil  which  is  at  all  abundant  at  this  horizon 
in  all  the  southern  counties  is  Discoidea  dixoni.  It  was  not 
found  in  Yorkshire,  but  the  sections  there  are  so  poor  that  it  may 
be  present  The  disadvantage  of  its  employment  as  a  guide 
fossil  is  that  it  is  not  restricted  to  the  zone  in  question ;  but 
after  all  that  objection  is  not  a  ver}-  cogent  one,  for  it  would 
apply  with  equal  force  to  Rhynchonella  cuvieri^  the  actual  name- 
fossil  of  the  zone.  The  point  is  that  it  reaches  its  maximum 
development  at  this  horizon.  Hemiaster  minimus  shares  with 
the  last  echinid  the  same  reproach,  and,  we  may  add,  the  same 
extenuation,  for  it  certainly  is  commoner  here  than  at  any  other 
horizon.  Hitherto  we  have  not  obtained  it  higher  than  the  zone 
of  Micraster  cor-testudinarium,  but  we  shall  shew  that  we  found 
it  in  the  Micraster  cor-anguinum-zone  at  the  Culver,  and  recently 
we  have  been  able  to  still  further  extend  its  range,  for  there  is  a 
well-preserved  example  in  Dr.  Blackmore's  beautiful  collection 
derived  from  the  ^uadratus-ch2Ak  of  Harnham,  Salisbury. 

Ammonites  peramplus,  absent  in  Dorset,  is  never  a  common 
fossil,  save  at  Dover,  but  we  found  it  in  several  sections  of  this 
zone  in  the  Island,  and  it  was,  as  usual,  of  large  size.  We  did 
not  see  A,  cunningtoni  or  A,  catinus  which  we  have  before  been 
able  to  record  for  this  horizon.  We  found  Nautilus  sp.  at  pit 
No.  5 1  Carisbrooke,  which  is  an  occurrence  of  sufficient  rarity  to 
need  mention. 
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Serpula  avUa  is  the  form  to  which  we  first  called  attention  in 
Part  iii,  Devon,  p.  34,  as  a  fossil  rigidly  confined  to  this  zone. 
It  is  here  found  abundantly,  as  in  all  other  southern  sections,  and 
is  always  attached  to  Inouratnus  mytilaides. 

In  the  Dorset  paper  we  had  to  omit  Cardiasier  pygnusus  from 
the  summary,  but  here  it  comes  in  again  as  a  somewhat  rare 
fossil,  for  we  found  but  six  examples  in  all.  Cardiasier  crttaceus 
is  also  sparingly  represented  here,  and  it  will  be  remembered  that 
we  obtained  one  example  in  Dorset  also ;  whereas  in  S.  Devon  it 
was  abundant. 

Echinoconus  subrotundus  is  worthy  of  a  special  note,  though 
the  whole  island  furnishes  us  with  but  a  solitary  example  in  this 
zone.  It  is  a  curious  fact  that  Desor,*  who  figures  and  describes 
this  usually  rather  abundant  urchin,  states  that  his  single  specimen, 
on  which  Agassiz  founded  his  type,  came  from  the  Isle  of  Wight. 
Zones  were  unknown  in  those  days,  but  it  is  strange  that  this 
type  should  have  come  from  a  locality  where  it  is  so  unusually 
rare;  and  the  matter  is  further  complicated  by  the  fact  that 
Desor's  figure  is  not  that  of  the  inflated  form  with  conspicuously 
narrow  base  (well  figured  by  Wright  in  Palseont.  Soc.)  but  of  the 
form  with  less  inflated  sides  and  less  contraction  of  the  base,  which 
is  characteristic  of  the^ranVw-beds.  We  only  found  one  example 
of  Echinoconus  casianea  in  Dorset  and  none  here,  while  it  is 
abundant  in  S.  Devon  and  well  represented  in  Kent. 

Salenia  granulosa^  here  as  elsewhere,  is  one  of  the  forms 
which  has  little  claims  to  zonal  distinction,  as  it  ranges  from  base 
to  top  of  the  White  Chalk.  It  is,  however,  never  a  common 
fossil,  and  perhaps  reaches  its  greatest  numerical  development  in 
this  zone,  and  for  that  reason  we  mention  it  among  the  associated 
guide-fossils. 

Among  the  cidarites  we  record  here  for  this  zone  are  Cidaris 
himdoy  C.  serrifera,  and  C.  clavigera.  The  first  is  always  common 
and  is  the  only  cidarite  which  ranges  in  unbroken  profusion 
throughout  the  White  Chalk.  Cidaris  serrifera  we  have 
recorded  before  for  this  horizon,  but  it  is  never  a  common  form, 
and  here  we  found  only  three  examples  in  all.  Cidaris  clavigera^ 
on  the  other  hand,  has  never  appeared  at  this  level  in  our 
published  lists,  though  we  have  known  of  it  for  some  years,  for 
we  found  it  at  Dover,  and  we  now  quote  three  examples  from 
Compton  Bay. 

The  remaining  groups  in  Echinoderma  call  for  little  comment. 
We  found  here  Cyphosoma  radiaium  and  Pentacrinus  agassizi^  but 
for  once  failed  to  obtain  Glyphocyphus  radiatus.  The  last  we  once 
thought  was  absolutely  restricted  to  this  zone,  but  we  found  an 
example  in  the  graci/is-heds  at  Whitecliff,  Seaton,  and  Mr.  W. 
Johnson  has  since  collected  another  high  up  in  the  same  zone  in 
the  Hooken,  Beer  Head. 

*  Desor, "  Monog.  des  Gal^rites,"  p.  18, 184a. 
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Of  the  brachiopods  we  may  mention  that,  as  in  Dorset,  we  did 
not  find  here  the  form  which  we  know  as  Teredraiula  semiglobosa 
var.  cUbensis^  which  we  regard  as  somewhat  characteristic  of  the 
zone ;  but  we  record  several  examples  of  Terebraiulina  gracilis 
from  the  lower  part  of  the  zone.  Further  experience  shows  that 
it  always  occurs  sporadically  at  this  level. 

The  only  lamellibranchs  calling  for  notice  are  Spondylus 
dutempUanus  and  Teredo  amphisbana.  The  former  is  a  rare 
fossil  in  Sussex  and  Devon,  but  was  not  found  in  Dorset ;  while 
the  latter  is  usually  seen  at  this  horizon,  often  with  tubes 
measuring  a  foot  in  length.     Both  were  found  here. 

Of  the  corals,  we  record  for  the  Island  the  usual  rare  dwarfed 
form  of  Parasmilia  centralis^  and  give  a  new  record  in  Onchotrockus 
serpentinus.  Since  the  Dorset  paper  was  published,  we  have 
found  a  considerable  number  of  this  small  rod-like  coral  at  Dover, 
and  we  once  more  met  with  it  in  the  Island,  where  it  is  quite  rare 
at  this  level.  In  the  gracilis-hedSy  however,  we  shall  show  that, 
as  at  Dover  and  Beer  Head,  it  is  by  no  means  of  rare  occurrence. 

Sponges,  usually  abundant  at  this  horizon,  are  here  poorly 
represented,  though  such  forms  as  we  find  are  characteristic. 
Neither  Craticularia  fittoni  nor  CephalHes  were  found,  and 
Camerospongia  was  represented  by  a  single  example. 

Another  new  record  is  that  of  Serpula  granulata^  which  we 
have  found  both  here  and  at  Dover.  It  is  rare  in  the  gracilis- 
beds.  Our  only  vertebrate  remains  consisted  of  a  tooth  of 
Piychodus  mamtnillaris  at  the  Culver.  Our  note  book  shaws  a 
list  of  only  forty-eight  species  for  this  zone. 


Zone  of  Terebratulina  gracilis. 


Terebraiulina  gracilis 
Micraster  cor-bovis 
Holaster  planus 
Inoceramus  lamarcki 
Inoceramus  brongniarti  ^ 


'  64  ft.  9  in. 


Other  characteristic  fossils  are:  Discoidea  dixoniy  Hemiaster 
minimuSy  Pentacrinus  agassizi^  Rhynchonella  cuvieriy  Onchotrockus 
serpenfinuSy  and  Craticularia  fittoni. 

The  name-fossil  is  always  abundant  throughout  the  zone,  so 
that  the  interest  here,  as  elsewhere  in  the  southern  counties, 
centres  round  Echinoderma. 

Holaster  planus  is  here  abundant  in  the  upper  one-third  of  the 
zone,  and  diminishes  in  frequency  as  we  pass  towards  the  lower 
limit,  conforming  in  this  respect  to  the  normal  range  in  other 
sections.  It  is  quite  as  common  in  the  top  of  the^fl«7/.f-bedsas 
in  its  own  zone. 

Echinoconus  subrotundus.    This  is  the  form  which  corresponds 
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with  Desor's  figure,*  in  that  the  base  is  not  contracted  and  the 
inflation  of  the  test  but  of  moderate  degree.  Curiously  enough 
it  is  here  much  commoner  at  this  horizon  than  in  its  normal 
position  in  the  zone  below.  We  may  mention,  however,  that  we 
have  a  large  series  of  this  zonal  variation  characteristic  of  the 
graaVis-zone  from  that  level  at  Dover,  while  it  is  rare  in  Dorset, 
Devon,  and  Sussex.  We  found  eight  examples  in  all  scattered 
throughout  the  zone,  one  at  Compton  Bay  being  actually  above 
the  "spurious  Chalk  Rock."  We  fancy  that  this  \n\\  turn 
out  to  be  the  highest  known  occurrence  for  this  echinid. 

We  need  hardly  say  that  Micrasier  cor-bovis  is  the  only 
Micraster  found  at  this  horizon.  We  were  led  to  anticipate  that 
we  should  not  see  it.  in  this  zone,  for  Mr.  Jukes-Browne  {op, 
at,  vol.  ii,  p.  410)  says  ..."  Micrasters  are  so  rare  that  it  is 
uncertain  whether  any  specimen  or  fragment  of  one  has  yet  been 
found  in  what  we  call  the  Middle  Chalk."  There  is  only  one 
good  and  complete  section  in  this  zone  in  the  Island  and  that  is 
at  Compton  Bay,*  but  here  we  found  eleven  examples,  all  removed 
and  cleaned  before  determination,  in  one  day,  and  we  also  record 
it  for  pit  No.  37,  Brading,  and  at  the  Culver.  The  above  state- 
ment, therefore,  will  require  considerable  modification.  Holaster 
placenta,  usually  abundant  in  the  upper  part  of  the  zone,  was  not 
found. 

Of  the  other  echinids  we  have  only  to  note  that  Discoidea 
dixoni  znd  Hemiasier  minimus,  usuaMy  well  represented  at  this 
level,  are  rarer  than  usual  in  the  Island  ;  that  Cypkosoma  radiatum 
is  found  in  its  customary  abundance ;  and  that  Salenia  granulosa 
is  wanting  from  our  lists. 

The  usual  cidarites  are  all  well  exemplified  here,  for  we  find 
Cidaris  kirudo,  C,  serrifera^  C  clavigera,  and  in  addition  we 
have  to  establish  a  new  zonal  record  for  C.  subvtsiculosa,  which 
was  represented  by  a  single  spine  from  Compton  Bay. 
Pentacrinus  agassizi  was  found  scattered  throughout  the  zone, 
becoming  commoner  and  larger  towards  its  upper  limit. 

The  brachiopods  call  for  no  comment,  but  the  lamelli- 
branchs  here  furnish  us  with  several  interesting  occurrences.  We 
record  one  example  of  Pecten  pexatus,  thus  corresponding  with 
our  solitary  record  for  the  same  zone  in  the  Hooken,  Beer  Head. 
Among  the  Inocerami  we  note  a  narrow  form  of  Inoceramus 
lamarckiy  and  Inoceramus  brongniarti\  but,  though  we  made 
especial  search  for  it,  we  failed  to  see  a  single  example  of 
Inoceramus  myiiloides, 

Lima  decussata  appears  for  the  first  time  in  our  lists  in  this 
zone,  for  we  found  here  three  examples.  As  we  shall  afterwards 
show,  we  also  obtained  it  in  the  zone  of  Holaster  planus,  the 
C/intacrinus-band,  and  in  the  zone  of  Belemnitella  mucronata. 
Our  only  other  record  is  a  single  example  from  the  zone  of 

•  op.  cit,,  p.  i8,  Tab.  2,  Figs.  11— 14, 


WHITE  CHALK  OF  THE   ENGLISH  COAST.  297 

Micraster  cor-itstudinarium  at  Dover.  Dr.  Blackmore  has  fpund 
it  in  the  Uintacrinus-hzxid  and  in  the  zones  of  Actimocamax 
quadratus  and  Beiemnitella  mucronata  of  Salisbury. 

Lima  hoperi^  of  the  customary  small  size,  was  found,  together 
with  Lima  cretacea^  at  Compton  Bay,  the  latter  being  the  lowest 
occurrence  which  we  have  hitherto  established.  Up  to  this  time 
we  have  only  found  it  from  the  zone  of  Holaster  planus  to  that  of 
Micraster  cor-anguinum^  but  Dr.  Blackmore  obtains  it  in  the 
Marsupites-hasid.  and  in  the  base  of  the  quadratus<Xi2Xk.  in  the 
Salisbury  area.  We  also  list  one  example  oiRadiolites  mortani  from 
the  Culver,  which  Mr.  Griffith,  like  ourselves,  has  hitherto  not 
seen  above  the  zone  of  Rhynchonella  cuvieri.  We  have  one 
curious  exception  to  make  to  this  statement,  namely,  a  single 
example  from  the  Uintacrinus-hasid  of  Margate.  Gasteropods 
are  poorly  represented,  but  we  collected  single  specimens  of 
Pkurotomaria  perspectiva  and  Aporrhais  from  Compton  Bay, 
both  of  which  are  very  scarce  fossils  at  Dover  at  the  same 
horizon. 

Another  new  record  is  that  of  Nautilus  cf.  atlas  from  pit 
No.  51,  Carisbrooke.  Hitherto  our  only  other  record  for  this 
cephalopod  was  the  zone  of  Micraster  cor-testudinarium  at  Pinhay, 
South  Devon ;  but  recently  we  have  found  it  in  the  zone  of 
Holaster  planus^  Homington  Hill,  Salisbury.  Ammonites 
peramplus  was  also  found  at  pit  No.  51,  and  it  is  not  an 
infrequent  fossil  at  this  level. 

Three  corals  are  of  special  interest.  We  have  alluded  to  the 
occurrence  of  Onchotrochu^  serpentinus  in  the  zone  of  Rhynchonella 
cuvieri  in  the  Island  and  at  Dover,  and  we  have  now  collected  in 
addition  over  a  dozen  examples  in  the  gracilis-h^ds  at  the  Culver, 
Compton  Bay,  and  pit  No.  1 8,  Arreton,  while  we  obtained  one 
example  in  the  zone  of  Holaster  planus  at  Culver  Cliff,  and 
several  at  the  same  horizon  and  in  the  Micraster  cor-testudinarium- 
zone  at  Dover.  This  tiny  tube-like  coral  has,  therefore,  a  range 
through  the  four  lower  zones,  being  very  small  in  the  two  lowest 
and  increasing  in  size  above  that  level.  Its  small  size  is  in 
marked  contrast  to  the  more  massive  form,  often  several  inches 
in  length,  which  we  find  in  the  zone  of  Micraster  cor-anguinum  in 
Thanet  and  elsewhere.  Mr.  Lang  is  of  opinion  that  this  is  not  a 
new  species  of  Onchotrochus,  but  simply  a  zonal  variation  of  Oncho- 
trockus  serpentinus.  The  dwarfed  size,  here  as  elsewhere,  of 
Parasmilia  centralis  in  the  two  lower  zones  affords  another  illus- 
tration of  the  constancy  of  form  and  size  which  even  the  less 
important  fossils  assume  at  definite  horizons,  thereby  affording  an 
almost  limitless  scope  for  the  precise  study  of  zonal  variations.  Of 
equal  importance  are  two  examples  of  Stephanophyllia  bowerbanki 
which  we  have  found  at  Compton  Bay  in  the  upper  part  of  this 
zone,  both  above  and  below  the  **  spurious  Chalk  Rock." 
Previously  we  had  found  two  examples  in  the  lower  part  of  the 
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Rhynchonella  cuvieri-zone  at  Dover,  and  so  far  as  we  know,  these 
are  quite  new  to  English  workers  in  the  field.  We  searched 
in  vain  for  a  coral  belonging  to  the  genus  Podoseris,  two  examples 
of  which  we  found  in  the  Rhynckonella  cuvieri-zjone  of  Dover, 
constituting  also,  as  we  believe,  another  new  record  for  the 
White  Chalk  in  England. 

Yet  another  new  record  of  equal  interest  is  that  of  Micrabacia 
coronula^  also  found  in  the  upper  part  of  this  zone  at  Compton 
Bay.  It  is  not  a  little  strange  that  this  coral,  which  is  so 
abundant  in  the  zone  of  Holaster  sudgiobosus^  should  be  found  in 
the  upper  part  of  the ^aa7/>- beds,  apd  that  both  here  and  at  Dover 
it  should  be  apparently  absent  in  the  zone  of  Rhynchonella 
cuvieri.  The  only  other  coral  found  was  an  example  of  Axogasier 
cretacea, 

Cirripedes  are  always  scarce  in  this  zone.  Scalptllum 
maximum^  though  rare,  has  been  found  before,  as  we  record  it 
for  South  Devon.     We  obtained  it  here  also. 

The  sponges  in  this  zone  are  usually  very  numerous  and  well 
preserved  ;  but  here  they  are  comparatively  rare  and  the  iron- 
oxide  pseudomorphs  are  very  faint  in  colour.  Craticulana 
fittoni^  which  is  characteristic  of  this  zone  and  of  that  immediately 
below,  was  found  at  the  Culver. 

The  only  vertebrate  remains  are  teeth  of  Lamna  appendiculata 
and  Oxyrrhina  mantelli.  Owing  to  the  good  and  complete 
section  at  Compton  Bay  (good,  that  is,  for  the  Isle  of  Wight), 
we  are  able  to  give  a  list  of  ninety  species  in  this  zone. 


Zone  of  Holaster  planus. 

Holaster  planus 

M icr aster  profcur SOT  (of  the  group-form  characteristic  of  this  zone) 

Micraster  cor-bovis  ft.  in. 

Micr aster  Itskei  r  59  9 

Echinocorys  scutatus  (a  characteristic  gibbous  form) 

Ptntacrinus  agassizi 

Cidaris  serrifera 

Other  characteristic  fossils  are  Holaster  placenta^  Cyphosoma 
radiatuniy  Rhynchonella  cuvieri^  Rhynchonella  reedensis^  Terebra- 
tulina  gracilis^  Crania  egnabergensis^  Inoceramus  brongniarti^ 
Plicatula  barroisiy  Bicavea  rotaformis,  Semicytis  rugosa^  Eschara 
aciSy  Serpula  ilium^  Ventriculites  impressus  and  Ventriculites 
mammillaris. 

The  name-fossil  is  abundant  here  throughout  the  zone,  and 
Micraster  prcecursor^  Micraster  leskei^  Micraster  cor-bovis^ 
Hemiaster  minimus  and  Cyphosoma  radiatum  are  found  in  their 
usual  relative  proportions.  Concerning  Micraster  precursor  we 
would  only  remark  that  both  in  shape-variation  and  in  the 
essential  features  of  the  test  this  urchin  differs  in  no  respects 
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from  those  obtained  at  the  same  horizon  in  other  English  sections. 
The  broad  form,  known  on  the  Continent  as  Micraster  decipiens 
is  notably  rare  here,  and  the  same  applies  to  Holaster  placenta. 

We  have  at  pit  No.  7  7  a,  Mottistone  Down,  our  second 
record  for  Discoidea  dixoni^  the  first  being  for  Dover,  and  both 
occurring  in  the  base  of  the  zone;  but  our  most  interesting 
record  is  for  Echinoconus  vulgaris^  which  hitherto  we  have  never 
found  below  the  zone  of  Micraster  cor-testudinarium^  where  it  is 
a  rare  fossil.  One  example  was  found  at  pit  No.  51,  Caris- 
brooke,  and  the  other  at  pit  No.  77A,  Mottistone  Down,  and 
both  unfortunately  were  too  crushed  to  enable  one  to  determine 
with  certainty  the  shape-variation.  We  shall  show  later  on  that  it 
has  also  been  obtained  here  in  the  two  highest  zones,  thus  giving 
us  a  complete  zonal  continuity  in  the  genus  for  the  whole  of  the 
White  Chalk — a  thing  never  before  achieved. 

Another  new  zonal  record  is  that  for  Cyphosoma  spatuliferum 
which  we  found  at  pit  No.  20,  Arreton  Down.  Hitherto  we  have 
only  recorded  it  from  the  zones  of  Micraster  cor-anguinum  and 
Marsupites^  while  Mr.  Griffith  lists  it  in  the  former  zone,  and 
Dr.  Blackmore  gives  it  a  range  in  the  Salisbury  area  identical 
with  ours. 

The  cidarites  here  present  no  new  feature,  but  we  may  mention 
that  one  example  of  Cidaris  peromata  was  found  in  this  zone 
both  at  Culver  Cliff  and  Compton  Bay.  Dr.  Blackmore  finds 
this  species  only  in  the  zone  of  Micraster  cor-anguinum  in  the 
Salisbury  area,  and  Mr.  Griffith  in  the  same  zone  and  that  of 
Holaster  planus  in  Hampshire.  This,  however,  is  by  no  means 
the  lowest  occurrence,  for  we  have  recorded  single  examples  from 
the  zones  of  Terebratulina  gracilis  and  Rhynchonella  cuvieri  at 
Dover,  as  well  as  several  from  the  zone  of  Micraster  cor- 
testudinarium ;  but  it  must  be  understood  that  below  the  zone  of 
Micraster  cor-anguinum  it  is  a  rare  fossil  (see  p.  304). 

Ophiura  was  for  the  first  time  found  by  us  at  this  horizon  at 
the  Culver,  and  we  have  now  collected  it  in  every  zone  save  that 
of  Micraster  cor-tesiudinarium,  Pentacrinus  agassizi  was  as  usual 
abundant  and  of  large  size,  and  we  had  the  good  fortune  to  find 
for  the  first  time  one  of  the  most  elusive  fossils  in  this  zone — the 
head  of  Bourgueticrinusy  for  the  Culver  and  Compton  Bay  both 
yielded  us  examples.  Columnars  of  this  crinoid  are  abundant 
and  are  always  of  small  size,  differing  only  from  those  in  the  two 
lower  zones  by  being  progressively  larger.  Reverting  to  the  head 
of  this  crinoid,  we  may  say  that  the  largest  example  is  less  than 
half  the  size  of  an  adult  specimen  from  the  zone  of  Micraster  cor- 
anguinum  and  that  instead  of  expanding  in  pear-shape  form  there 
is  merely  a  uniform  expansion  from  the  proximal  to  the  distal 
end.  The  measurements  of  these  three  examples  were  7  mm.  x 
3  mm.,  5  mm.  x  3  mm.,  and  4  mm.  x  2^  mm. 

The  brachiopods  here  oflfer  nothing  of  note,  save  that  Rhyncho- 
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nella  plicatilis  is  small  and  rare,  while  Terebratula  camea  and 
Terebratula  stmiglobosa  never  reach  the  size  or  abundance  which 
we  are  wont  to  associate  with  this  horizon.  We  find  the  usual 
abundance  of  Terebraiulina  gracilis  at  the  base  of  this  zone,  and 
it  extends  in  rapidly  diminishing  numbers  to  its  upper  limit 

Among  lamellibranchs  we  mention  three  examples  of  the 
rather  rare  Pecten  pexaius  at  the  Culver  ;  Jnoceramus  brongniarti^ 
Inoceramus  sp.  mentioned  by  Mr.  Woods*  and  previously 
quoted  in  this  zone,  occurring  here  as  a  rare  fossil  only  at 
Compton  Bay;  andZ/Vva  koperiy  as  usual  of  rather  small  size,  and 
obtained  both  at  the  Culver  and  pit  No.  37,  Brading  Down. 
Three  examples  of  Z/wa</(?^^ja/a  appear  in  our  lists  for  this  zone, 
one  from  Culver  Cliff  and  the  others  from  pits  No.  20,  Arreton 
Down  and  No.  37,  Brading  Down.  We  also  collected  a  single 
example  of  Lima  wintonensis  at  the  Culver  for  the  determination 
of  which  we  are  indebted  to  Mr.  Henry  Woods,  the  author  of 
the  species.  Another  new  record  in  our  experience  is  a  single 
example  of  Ostrea  wegmanniana  at  this  horizon.  Dr.  Blackmore 
finds  it  only  in  the  Marsupites-zonQ  at  Salisbury,  but  we  have  it 
in  our  general  lists  from  the  zone  of  Micraster  cor-anguinum 
upwards,  becoming  quite  rare  in  the  highest  zone  of  all. 

The  absence  of  the  customary  gasteropods  Turbo  and 
Pleurotomaria  at  this  horizon  is  not  a  little  curious,  as  even  in 
Dorset  we  found  them  both.  In  their  place  we  found  one 
example  of  Aporrhais  at  Compton  Bay. 

We  have  alluded  to  the  beautiful  little  rotiform  bryozoon 
recently  described  by  Dr.  Gregory  under  the  name  of  Bicavea 
rotaformis.  It  is  so  much  a  feature  of  this  bed,  and  occurs  in  such 
boundless  profusion,  that  we  can  only  wonder  how  it  is  that  so 
many  previous  writers,  including  the  authors  of  the  Geological 
Survey  Memoirs,  have  omitted  to  mention  it.  Reference 
to  the  level  at  which  it  occurs,  and  the  sections  in  which  it 
is  found,  will  be  seen  on  p.  284  of  this  paper.  Not  only 
is  it  abundant  but  on  suitable  air-weathered  surfaces  it  is  in 
a  wonderful  state  of  preservation.  We  have  a  series  of  examples 
where  the  parent  has  thrown  out  a  stolon  from  which  is  springing 
a  young  form. 

Corals  are  here  represented  by  Parasmilia  centralis  and  a  single 
example  of  the  small  form  of  Onchotrochus  serpentinus, 

Scalpellum  maximum^  an  example  each  from  the  Culver  and 
Compton  Bay,  together  with  a  single  carina  of  Pollicipes  glabety 
are  our  only  Cirripedes.  We  fancy  that  the  last  named  forms 
infinitely  the  lowest  zonal  record  for  this  rather  rare  fossil. 

Serpulae  now  begin  to  be  common  ;  and  we  here  record  Serpula 
iliumy  S.plana^  S,  ampullacea^  S.fluctuaia,  S.  cincta^  S.  pentangu- 
lata,  S.  granulafa,  and  a  form,  never  perfect,  with  a  long  thin 

•  H.  Woods.    "  The  Mollusca  of  the  Chalk  Rock :   Part  II,"  Quart.  Jcum.  Geol,  Soc., 
Vol.  liii,  1897,  p.  381,  pi.  xxvlii,  figs.  14*17. 
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smooth  tube,  which  is  not  a  young  or  uncoiled  example  of  S. 
ampullacea^  nor  can  it  be  referred  lo  S,  gordialis. 

Once  again  we  have  to  note  the  rarity  of  vertebrate  remains, 
for  here  we  only  record  Ptychodus  mammi Harts  and  JLamna 
appendiculata.  We  obtained  in  all  a  list  of  98  species  in  this 
zone. 

Zone  of  Micraster  cor-testudinarium. 

MicrasUr  cor^UshuHnarium  (of  group-form  characteristic  \ 
of  the  zone) / 

Micrtatir  precursor  (of  CTOup-form  characteristic  of  the  I    Ft-      !«• 
zone) >  53        9 

Eckmocorys  saUatus  (of  the  characteristic  gibbous  form)  .  V 

Cidaris  strriftra J 

Other  charactetistic  fossils  are :  Holaster  placenta^  Rhyn- 
chonella  reedensis^  Crania  egruibergensis^  Flicatula  barroisi^  Favo- 
lunulites^  Eschara  acis^  Hettropora  pukhtUa^  Semicytis  rugosa^ 
Reticulapora  obliqua^  Serpula  cincta  and  Serpula  ilium. 

Here,  as  in  Dorset,  the  broad  group-form  known  as  Micraster 
car-testtidinariuM  is  more  numerous  than  the  narrow  group-form 
known  as  Micraster  precursor.  Both  these  urchins  in  every  way 
conform  in  shape-variation  and  in  essential  features  of  the  test  to 
the  characters  typical  of  this  zone.  The  gibbous  form  of  Echino- 
corys  scutatus^  so  characteristic  of  this  zone  and  that  of  Holaster 
planus^  is  less  common  than  usual,  but  it  is  the  only  form  seen ; 
while  Holaster  placenta^  usually  almost  as  common  as  Echinocorys^ 
is  certainly  rarer  than  we  should  expect.  The  remaining  genera 
of  Echinoderma,  such  as  Hemiaster  minimus^  Cyphosoma  radia- 
tum^  Scdenia  granulosa^  Cidaris  hirudo^  C.  serrifera^  C,  peromata^ 
C,  sceptrifera  and  (7.  clavigera^  are  all  represented  in  their  cus- 
tomary numerical  proportions,  though  C.  clavigera  in  no  way 
approaches  the  abundant  occurrence  seen  at  Beacby  Head  and 
Seaford  Head.  It  is  in  this  zone,  and  in  that  of  Holaster  planus^ 
that  Cidaris  serrifera  generally  attains  its  maximum  numerical 
development,  though  it  is  not  confined  to  this  level,  for  we  find 
it  as  a  rare  fossil  in  the  Rhynckonella  cuvieri-zoney  and  rather 
less  rare  in  the  graalis-bodSf  while  it  is  never  seen  above  the 
lower  half  of  the  zone  of  Micraster  cor-anguinum.  We  cannot 
record  for  the  island,  either  in  this  zone  or  that  of  Holaster  planus^ 
a  single  example  of  Cardiaster  cotteauanus. 

At  this  horizon  also  we  had  the  good  fortune  to  find  a  single 
head  of  Bourgueticrinus  ellipticus  at  Watcombe  Bay.  This  example 
differed  in  no  way  from  those  mentioned  on  p.  299  from  the  zone 
of  Holaster  planus.  The  only  other  locality  where  we  have 
collected  the  head  of  this  crinoid  is  Dover,  and  there  we  obtained 
five  examples,  varying  in  size  from  ii-mm.  by  5-mm.  to  5-mm.  by 
4-mm.     In  this  zone  the  affinity  with  the  pear-shaped  form  of  the 
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shape-variation  characteristic  of  the  Micraster  cor-anguinum-zone  is 
much  more  in  evidence,  and  it  would  be  difficult  to  say  in  what 
the  largest  and  most  expanded  example  differs  from  the  typical 
form  of  the  zone  immediately  above,  save  only  in  size. 

Of  the  brachiopods  we  need  only  say  that  Crania  egnabergensis 
is  here,  as  usual,  rather  common  at  this  horizon,  and  that  Rkyncho- 
nella  plicalilis  has  for  once  no  place  in  our  list  In  this  zone  and 
the  one  immediately  below  Crania  egnabergensis  is  a  rather  com- 
mon shell,  ranging  from  the  gracilis-^^Xm  to  the  guadratus- 
chalk,  though  we  have  a  record  of  one  example  in  the 
mucronata-zoTiQ,  It  is  only  in  the  quadraius<\iMi  that  it  is 
really  at  all  common  again,  and  there  in  all  English  sections 
it  seems  to  be  of  rather  larger  size  and  with  costae  wider 
apart.  Rhynchonella  limbata  would  hardly  be  regarded  as  a 
characteristic  fossil  of  this  zone,  as  it  is  generally  associated  in 
our  minds  as  a  guide  fossil  to  the  two  highest  zones.  It 
is  found  at  Dover,  and  to  a  much  less  extent  in  Sussex,  in 
such  numbers  that  it  is  necessary  to  mention  its  absence  in 
the  Island.  In  this  zone  and  in  that  of  Holaster  planus  it  is 
broad  and  flat  with  a  wavy  margin.  We  can  now  give  a  record 
for  this  brachiopod  in  every  zone  of  the  White  Chalk,  for  during 
the  past  three  years  we  have  found  it  in  the  zones  of  Rhynchonella 
cuvieri  and  TerebratuUna  gracilis  at  Dover,  two  examples  in  the 
former  and  several  in  the  latter. 

Among  the  more  interesting  lamellibranchs  we  would  cite 
Plicatula  barroisi  and  Inoceramus  lamarcki.  The  range  of  the 
former  has  gradually  been  extended  until  we  have  obtained  it  in 
every  zone  in  the  White  Chalk,  but  the  only  two  zones  where  it 
is  really  abundant  are  those  of  Holaster  planus  and  Micraster 
cor-testudinarium.  The  broad  form  of  Inoceramus  lamarcki 
would  at  this  horizon,  and  to  a  less  extent  in  the  zone  imme- 
ately  below,  appear  to  dispute  pride  of  place  with  Inoceramus 
cuvieri.     Both  shells  were  found  in  the  Island. 

Here,  as  in  Sussex,  Favolunuliies^  apparently  of  an  undeter- 
mined form,  is  a  notable  bryozoon.  The  sections  of  this  zone 
in  Dorset  are  so  poor  that  bryozoa  are  not  to  be  reckoned  with, 
so  we  are  quite  unable  to  say  if  it  occurs  there ;  but  here  this 
beautiful  group,  as  in  all  other  southern  sections,  becomes  quite 
a  feature  of  the  zone.  Eschara  ads,  Reticulopora  obliqua  and 
Semicytis  rugosa  are  found  abundantly,  but  Heieropora  pulchella 
is  by  no  means  so  common  as  usual.  In  the  Island  Bicavea 
{Lichenopora)  urnula  is  almost  a  common  fossil  in  this  zone,  and 
to  a  less  extent  in  the  base  of  the  zone  of  Micraster  cor-anguinum. 
There  is  also  a  slender  Vincularia  which  Mr.  Brydone  cannot 
separate  from  Vincularia  indistincta^  here  as  elsewhere  very 
abundant  at  this  horizon,  though  by  no  means  confined  to  it. 
The  only  corals  found  were  Parasmilia  centralis  and  Farasmilia 
granulata^  the  latter  being  an  unusually  low  occurrence. 
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It  is  in  these  beds,  even  more  than  in  the  zone  of  Holaster 
planuSy  that  Serfmla  becomes  important.  Serpula  ilium^  S.  plexus^ 
S.  ampullcuea^  S,  gordialis  var.  serpentinus^  S.  planay  S.  cinema, 
S,fluctuata  and  5.  granulata  all  find  their  place  at  this  horizon. 
Serpula  ilium  obtains  its  maximum  development  here  and  in  the 
zone  immediately  below,  and  the  same  may  be  said  of  S.  gordialis 
and  .S*.  cincta^  the  latter  being  the  dominant  adnate  form  both  in 
the  Wight  and  elsewhere.  S,  macropus,  which  is  usually  fairly 
common  at  this  horizon,  was  not  found  here,  and  the  same 
applies  to  S,  plexus  and  5.  fluciuata.  All  the  other  forms 
were  abundant.  Serpula  cincta  is  so  abundant  at  this  horizon 
that  it  has  strong  claims  to  the  dignity  of  a  guide-fossil 
to  the  zone.  It  is  very  rare  in  the  ^fl«7/>-beds,  rather 
commoner  in  those  of  Holaster  planus^  and  so  common  in  the 
zone  under  discussion  that  we  have  sometimes  counted  as 
many  as  a  dozen  examples  on  a  single  echinid,  while  half  that 
number  is  quite  an  ordinary  occurrence.  Directly  we  pass  into 
the  Micraster  cor-anguinum-zone,  however,  this  serpula  becomes 
notably  rarer,  but  it  persists  in  diminishing  frequency  as  high  as 
the  zone  of  Actinocamax  quadraius.  We  have  examined  all 
our  echinids  from  the  mucronata-uon%  from  every  source, 
including  those  from  Norwich  and  Trimingham,  and  have  not 
found  a  single  example.  In  this  our  experience  is  in  complete 
accord  with  that  of  Dr.  Blackmore.  Serpula  granulata  we  can 
now  record  for  every  zone  in  the  White  Chalk,  though  it  certainly 
is  more  abundant  here  than  at  any  other  horizon ;  and  the  same 
may  be  said  of  Serpula  gordialis  var.  serpentinus, 

Pleurotomaria  perspectiva  was  found  at  the  base  of  this  zone 
at  Watcombe,  and  the  position  is  not  an  unusual  one,  though  it 
is  generally  rarer  in  this  zone  than  in  that  of  Holaster  planus. 

The  zone  of  Micraster  cor-testudinarium  is  one  of  the  three 
central  zones  which  are  so  rare  in  the  inland  chalk  of  the  Island 
by  reason  of  the  fact  that  quarries  are  but  infrequently  opened 
on  the  crest  of  the  Downs.  The  only  records  given  by 
Mr.  Strahan  of  the  exposure  of  this  zone  are  taken  from  Dr. 
Barrois'  paper,  apparently  without  verification,  and  in  the  main 
he  contents  himself  with  the  broad  and  safe  generalisation  of 
Upper  Chalk.  It  may  be  mentioned  that  the  pit  at  the  foot  of 
Bembridge  Down  (No.  39)  is  in  the  base  of  the  zone  of  Micraster 
cor-anguinum^  and  that  the  roadside  section  at  Arreton  Down 
has  long  since  been  grassed  over.  Mr.  Jukes-Browne  makes  no 
attempt  to  separate  the  zones  of  Micraster  cor-testudinarium  and 
Holaster  planus,  but  brackets  them  together,  both  in  the  Island 
and  in  North  Dorset ;  nor  is  this  custom  unknown  in  the  smaller 
memoirs  which  illustrate  the  sheets  of  various  maps  of  the 
Geological  Survey.  The  reason  for  this  arrangement  is  not 
apparent,  for  if  there  are  two  zones  which  are  conspicuously  easy 
to  separate  in  the  field  they  are  the  two  beds  in  question.     The 
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rigid  limitation  of  Holaster  planus^  Micraster  cor-bovis^  Micrasler 
leskei  and  of  the  special  group-forms  of  Micraster  pracursor  to 
the  lower  zone,  and  the  equally  common  and  characteristic  group- 
forms  of  Micraster  precursor  and  Micraster  cor-testudinarium  to 
the  upper,  afford  examples  of  contrasting  critical  faunas  which  it 
would  be  difficult  to  match.  This  zone  yielded  a  list  of  only 
seventy-seven  species. 


Zone  of  Micraster  cor-anguinum. 

Micrastir  cor-anguinum  \  of  group-forms  peculiar  to  > 

Micrasttr  cor-anguinum  var.  UUior  J      the  zone. 
Eckinocorys  scutatus  (a  shape-variation  peculiar  to  the  zone) 

Echnoconus  vulgaris 

Cidaris  ptrornata 

Cyphosoma  kdnigi 

Cyphosoma  eoroUart 

£ourguiticrinus  ellipticus  (a  special  form) 

Micrastir  prtecursor  \  of  group-form  restricted  to  the  base 

MicrasUr  cor-testudinarium  J      of  the  zone. 
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Other  characteristic  fossils  are:  Cidaris  saptrifera^  Cidaris 
davigeray  Cidaris  subvesicuiosoj  Crania  parisiensiSy  Theddeum 
wetherelii^  Kingena  lima^  Spondylus  spinosus^  Pecten  cretosus^ 
Vincularia  dispariliSj  Idmonea  cretacea^  Plinthosella  and 
Porospharcu 

Micraster  cor-anguinum  and  M,  cor-anguinum  var.  laHor^ 
Eckinocorys  scutatus  and  Epiaster  gibbus  here  conform  to  the 
customary  shape-variations,  and  differ  in  no  way  from  the  usual 
numerical  proportions,  save  that  Micraster  cor-anguinum  var. 
latior  and  Epiaster  gibbus  are  apparently  rarer  than  usual ;  but 
the  sections  in  this  zone  are  so  poor  that  it  would  be  unwise  to 
dogmatise  on  this  or  on  any  point  of  distribution.  Eckinocorys  is 
found  in  the  characteristic  ovate  shape-variation  and  in  the  rarer 
large  dome-shaped  form.  Micraster  precursor  and  Micraster  cor- 
testudinarium  of  the  group-form  characteristic  of  the  base  of  this 
zone  may  be  found  in  sitii  at  Watcombe  Bay. 

Eckinoconus  in  its  shape-variations  corresponds  with  those 
found  on  the  coasts  of  Dorset  and  Sussex,  being  of  the  forms 
known  as  Eckinoconus  vulgaris  and  more  rarely  E  conicus.  We 
have,  however,  found  one  example  which  belongs  to  E,  albo- 
galerus.  This  urchin  has  a  tendency  to  run  in  bands,  one  of 
which  is  seen  in  a  surface  at  the  edge  of  the  cliflf  on  High 
Down. 

The  Cidarites  reach  in  this  zone  a  degree  of  profusion  and 
differentiation  which  they  have  hitherto  failed  to  obtain.  Cidaris 
peromata  becomes  so  universally  common  that  it  must  be 
regarded  as  a  guide-fossil  of  definite  use  in  the  field,  while 
Cidaris  sceptrifera   for   the    first    time    becomes    a    dominant 
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form,  and  Cidaris  davigera  universal  in  its  occurrence.  Cidaris 
subvesiculosa  practically  makes  its  appearance  at  this  horizon, 
though  we  have  noted  its  sporadic  occurrence  in  the  three  zones 
immediately  below,  and  it  then  ranges  up  to  the  top  of  the  Chalk. 
The  ever-present  Cidaris  hirudo  calls  for  no  comment.  This  is 
the  zone  which  has  yielded  all  the  perfect  examples  of  Cidarites 
which  are  seen  in  our  museums  throughout  the  country,  a  fact 
due,  not  only  to  the  abundance  of  the  remains,  but  also  on 
account  of  the  massiveness  of  the  chalk,  the  thickness  of  the 
zone  and  consequent  wide  distribution  in  the  home  counties. 
All  these  species  occur  n  the  Isle  of  Wight. 

Infulaster  rostratus^  always  a  rare  fossil  in  the  southern 
counties  and  never  found  below  this  horizon,  was  represented  by 
three  examples  from  High  Down  and  Freshwater  Bay.  So  far  as 
our  experience  goes,  the  known  range  of  this  echinid  is  from  the 
zone  of  Micraster  cor-testudinarium  to  the  upper  part  of  the  zone  of 
Actinocamax  guadratus.  The  lowest  record  consists  of  one 
example  from  the  Yorkshire  coast  and  the  highest  are  from  the 
same  district  In  the  Salisbury  area.  Dr.  Blackmore  states  that 
it  is  restricted  to  the  Marsupites-hssid  and  the  base  of  the 
quadratus-zonOy  while  in  Hampshire  Mr.  Griffith  refers  it  to  the 
Micraster  cor-anguinum-zone  alone.  Save  at  the  last-named 
horizon  in  Yorkshire  it  is  never  anything  but  a  comparatively 
rare  fossil. 

Hemiaster  tninimus  also  adds  to  our  experience  by  reason  of  the 
occurrence  of  this  urchin  at  the  base  of  the  Micraster  cor-anguinum- 
zone  at  the  White  Horse,  Culver  Cliff.  We  have  also  another  ex- 
ample in  our  collection  from  the  upper  part  of  the  same  zone  at 
Northfleet,  Kent.  We  have  ahready  alluded  to  Dr.  Blackmore's 
unique  record  for  the  quadratus-K^^XHi  of  Salisbury,  so  that  the  only 
zones  in  which,  so  far  as  we  know,  it  has  not  been  found  are  those 
of  Marsupites  testudinarius  and  BeUmnitella  mucronata.  It  is 
common  here  and  elsewhere  in  the  zone  of  Rhynchonella  cuvieri^ 
rather  common  in  the  ^a^^'/w-beds,  and  rarer  still  in  the  zone 
of  Holaster  planus  and  Micraster  cor-testudinarium^  while  above 
this  level  it  is  one  of  the  rarest  of  fossils.  We  also  note  Holaster 
placenta  as  a  local  rarity  in  this  zone,  though  we  have  one 
example  from  the  higher  beds  at  Northfleet.  As  a  rule,  however, 
it  is  found  only  in  the  base  of  the  zone,  as  at  St.  Margaret's 
Bay,  Dover,  where  it  is  by  no  means  rare,  and  seems  to  take  the 
place  of  Echinocorys. 

Cyphosoma  also  begins  to  differentiate  at  this  horizon,  for 
while  Cyphosoma  radiatum  ranges  up  abundantly  from  the  base 
of  the  White  Chalk  to  the  top  of  the  zone  of  Micraster  cor- 
testudinarium^  it  is  only  in  the  zone  under  discussion  that 
Cyphosoma  konigiy  C,  corollare^  and  C.  spatuliferum  really  make 
their  appearance  in^  force.  All  but  the  last-named  were  found 
here. 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  4,  1908.]  22 
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Hitherto  Bourgueticrinus  ellipHcuSy  though  found  abundantly, 
so  far  as  the  columnars  are  concerned,  in  the  four  lower  zones, 
has  been  strangely  reluctant  to  furnish  us  with  a  characteristic 
head,  or  indeed  with  any  head  at  all.  Throughout  these  zones 
the  columnars  have  been  notably  small,  increasing  in  size  and 
number  as  we  ascend  the  zonal  series.  Directly,  however,  we  get 
well  into  the  present  zone  they  enlarge  conspicuously,  and 
large  barrel-shaped  and  long  and  thick  rod-shaped  columnars 
become  quite  common,  but  more  important  still,  the  head  is  no 
longer  a  rarity,  and  is  fully  diagnostic  of  the  zone. 

The  same  emergence  of  new  forms  is  seen  in  the  brachiopods, 
for  Crania  parisiensis^  Thecideutn  wetherelH  and  Kingtna  lima 
cease  to  be  museum  curiosities  and  are  among  the  commonest 
of  fossils.  Nor  are  the  lamellibranchs  wanting  in  the  elaboration 
of  new  species  or  in  zonal  variations  of  old  ones ;  moreover,  in 
all  of  them  there  is  a  notable  increase  in  size  and  abundance. 
Spondylus  spinosus  begins  in  the  gradlis-hoAs  and  becomes  larger, 
more  numerous  and  more  inflated  as  we  ascend  the  zones ;  but 
it  is  here  that  it  reaches  a  size,  and  degree  of  inflation,  which 
render  it  the  beautiful  fossil  so  often  seen  in  our  museums. 
Lima  hoperi^  too,  is  notably  larger  and  more  common.  Ostrea 
also,  hitherto  only  represented  in  any  quantity  by  Ostrea  vesicularis^ 
OMppapodium  and  O.semipiana^noyr  adds  the  ioxmsoi OJateraiiSy 
O,  nonnaniana^  and  O.  wegmanniana,  which,  if  not  new,  have 
as  yet  been  but  insignificantly  represented.  All  these  are  both 
commoner  and  larger  than  in  the  zones  below.  Pecten  cretosus^  a 
rare  fossil  in  the  lower  zones,  becomes  now  abundant  and  of 
large  size,  and  ranges  up  without  a  break  to  the  top  of  the 
mucronata-^z!^  in  Dorset,  Hampshire  and  the  Isle  of  Wight. 
In  the  Salisbury  area,  however.  Dr.  Blackmore  states  that  in 
the  mucronata-zone  Pecten  mantellianus  completely  displaces 
P,  cretosus.  At  Norwich  and  Trimingham,  on  the  other  hand^ 
the  two  forms  occur  together. 

Inoceramus  cuvieri  also,  though  by  no  means  a  new  or  rare 
species,  ranging  up  as  it  does  from  the  gradiis-heAsy  here 
universally  reaches  its  climax  in  point  of  quantity  and  probably 
in  point  of  size.  In  the  Island,  where  the  zone  is  so  badly 
displayed,  it  is  often  our  most  reliable  guide,  for  the  bedding- 
planes  are  sheeted  with  it  and  the  talus  littered  with  its  fragments. 

Among  the  free  bryozoa  Vincularia  disparilis^  Truncatuia 
aculeata  and  Idmonea  cretacea  most  readily  catch  the  eye  and 
they  are  especially  useful  as  they  are  rare  fossils  below  this 
horizon  and  now  for  the  first  time  became  prominent  forms. 
Moreover,  other  species,  such  as  Eschara  ads,  Semicytis  rugosa 
and  Heteropora  pulchella,  which  have  crowded  the  chalk  in  the 
two  zones  immediately  below,  now  sink  into  insignificance.  This 
general  description  applies  to  the  Island  also. 

Probably  one  of  the  rarest  fossils  found  in  the  Island  is 
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Aptychus  portlockiy  a  small  example  of  which,  with  both  valves 
intact,  was  obtained  at  this  horizon  at  Watcombe  Bay. 

Serpula  turbinella  makes  its  first  appearance  in  this  zone, 
and  hereafter  ranges  to  the  top  of  the  White  Chalk  in  increasing 
size  and  number ;  Serpula  ampullacea  is  much  larger  and  more 
abundant ;  and  Serpula  plexus  also  for  the  first  time  becomes  a 
common  form,  though  we  failed  to  find  it  in  the  Island.  A 
curious  local  feature  at  Freshwater  Bay  is  that  the  base  of  this 
zone  is  crowded  with  Serpula  ilium.  The  last-named  is  never  a 
zonal  fossil,  save  that  it  is  abundant  at  certain  horizons,  for  it 
ranges  throughout  the  White  Chalk. 

The  corals  also  follow  suit,  for  instead  of  the  rather  dwarfed 
forms,  almost  restricted  to  Parasmilia  centralis^  we  have  Paras- 
milia  centralis  var.  ^ravesand^  Parasmilia  granulaiay  Parasmilia 
cylindrical  Parasmilia  manielli^  Parasmilia  fittoniy  and  more 
rarely  Caryophyllia  cylindracea^  Step  hanophy  Ilia  michelini^ 
Epiphaxum  auloporoideSy  Synhelia  sharpeanay  Diblasus  gravensis 
and  the  robust  form  of  Onchotrochus  serpentinus  before  mentioned. 
So  far  as  the  Island  is  concerned  the  corals  are  but  poorly 
represented. 

Even  the  sponges  offer  new  forms  at  this  horizon,  for  it  is  the 
first  time,  save  in  Sussex,  that  globular  flints,  rich  in  the  remains 
of  the  genus  Plinthosellay  are  a  feature.  Here  also  Stichopkyma 
tumidumy  PacMnion  scriptum^  Doryderma  ramosum^  Siphonia 
kdnigiy  Porochonia  simplex^  Verrucocoelia  tubulata^  Leptophragma 
murchtsoniy  Polyblastidium  racemosum^  Placotrema  cretaceum^ 
and  Pharetrospongia  strahani  first  claim  our  attention  either 
by  reason  of  a  newly  found  abundance  or  as  fresh  introductions. 
Ventriculites  radiatusj  ranging  up  from  the  base  of  the  White 
Chalk,  also  becomes  much  lax^er  and  commoner.  But  it  is  with 
the  valuable  group  of  Porosphosra  that  we  are  specially  concerned. 
Porosphara  globularis  increases  in  size  and  number  as  we  ascend 
the  four  lower  zones,  but  even  in  the  zone  of  Micraster  cor- 
testudinarium  is  rarely  more  than  8  mm.  in  diameter.  No 
sooner,  however,  do  we  pass  beyond  the  lower  one-fourth  of  the 
zone  under  discussion  than  the  size  greatly  increases,  and  the 
forms  known  as  P,  pileoluSy  P,  nudformis^  P.  patelliformis  and 
P.  arrecta  become  quite  a  feature  of  the  zone.  Porosphosra 
pileolus  and  especially  P,  nuciformis  are  quite  rare  fossils  even  in 
the  zone  of  Micraster  cor-testudinarium.  In  the  Island  the 
sponges  at  this  horizon  are  characteristic  and  fairly  well 
represented,  and  Porosphosra  conforms  to  the  distribution  which 
we  have  just  indicated. 

We  were  well  satisfied  to  be  able  to  record  ninety  species  for 
this  zone. 
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Zone  of  Marsupites  testudinarius. 

Marsyfnt/s  testudinarius ^ 

^'^lor^^'     ^^"''''*^    ^"^     ^^'^'''^    pyramidal  /      j^f^rsupiies-hsnid 

Bour^Tticrinus  e//ipticus\2L  s^Mhrm)       \  }     average     thick- 

Terebratulina  rowei I      "*^®'  ^  "• 

Caryophyllia  cylinaracea J 

Umtacrinus j 

^'^'loZ^       '""^^^    ^*    ^^^^'^^    pyramidal  /  c/w/a«^„«j.band 

Bourgueticrinus  eilipticus'u  special 'form)        !  (  average       thick- 

Tenbratuhna  rami.        ...         .         .  °^''^'  ^3  ft. 

Caryophyllia  cylindracea J 

Other  characteristic  fossils  are  Micraster  cor-anguinum^ 
Echinoconus  vul^aris^  Cyphosoma  konigi^  Ostrea  wegmanniana, 
Serpula  turbinella  and  Porosphara. 

It  may  be  said  at  once  that,  being  in  flinty  chalk,  the  zone  here 
contains  no  "  Bedwellline,"  that  there  are  no  bands  of  Echino- 
corys  or  Echinoconus^  and  that  Ammonites  and  Belemnites  are 
entirely  wanting.  In  all  these  respects  the  zone  corresponds 
with  that  on  the  Dorset  coast,  and,  as  before,  w^e  divide  the  zone 
proper  into  the  usual  two  sub-zones.  Once  again  we  return  to 
the  question  of  the  name-fossil  for  this  zone,  as  there  are  some 
who  claim  that  the  sub-zones  should  be  elevated  to  the  full  zonal 
dignity,  for  the  reason  that  Marsupites  and  Uintacrinus  are, 
save  at  the  point  of  immediate  contact,  rigidly  confined  to  their 
respective  levels,  and  that  the  cephalopods,  when  present,  are 
equally  restricted  in  their  range.  Our  answer  to  this  criticism  is 
that  the  cephalopods  m^y  be  absent,  as  in  Hampshire,  Dorset, 
and  the  Isle  of  Wight,  and  that  a  zone  is  characterised  even  more 
by  its  associated  guide-fossils  than  by  its  name  fossil.  An  horizon 
which  is  characterised  throughout  by  the  presence  of  the  character- 
istic sub-pyramidal  shape-variation  of  EchinocorySy  the  character- 
istic head  of  Bourgueticrinus,  and  TerebratuUna  rowei,  even 
though  Marsupites  be  restricted  to  its  upper  part,  and  Uintacrinus 
to  its  lower,  so  distinctly  fills  our  ideal  of  a  critical  zonal  fauna 
that  we  are  more  than  content  to  adhere  to  the  scheme  herein 
set  forth. 

The  shape-variations  of  Echinocorys  scutatus  are  identical  with 
those  at  the  same  horizon  elsewhere,  the  characteristic  sub- 
pyramidal  form  being  fully  diagnostic  of  the  zone  as  a  whole, 
while  at  the  base  it  gives  the  usual  passage-forms  connecting  it 
with  the  ovate  shape-variation  in  the  zone  below,  and  at  the  top 
the  equally  common  passage-forms  linking  it  on  to  the  gibbous 
shape-variation  of  the  ^uadratuschslk.  Our  only  dome-shaped 
form  was  a  broken  example  in  the  Uintacrinus-hand  of  Fresh- 
water Bay. 

Bourgeticrinus  is  illustrated  by  the  same  nipple-shaped  head 
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and  thick  barrel-shaped  columnar,  which  are  found  in  every  section 
in  the  south  of  England,*  but  they  are  not  so  common  here  as 
in  other  districts,  mainly  by  reason  of  the  fact  that  the  sections 
in  the  Island  are  so  poor.  Mr,  Griffith  and  Mr.  Brydone  found 
both  these  characteristic  crinoid  remains  in  the  Island. 

Among  other  brachiopods  common  at  this  horizon  we  note  in 
the  Island  Tertbratulina  rowei,  TerebratuUna  striata^  Crania 
egnabergensis^  Crania  parisiensis^  Rhynchonella  plicatilis^  Rhyn- 
chonella  reedensis^  Theddeum  wetherelU^  and  Kingena  lima.  The 
last  named  was  of  the  usual  small,  rounded  form  seen  in  this 
zone,  but  was  here  unusually  rare.  Rhynchonella  plica tilis^  so 
abundant  in  Sussex,  was  rare  here,  coinciding  with  the  scarcity 
in  Dorset  and  Kent  at  this  horizon. 

The  Lamellibranchs  present  no  unusual  feature,  save  that  the 
bands  of  Ostrea  vesicularis  and  Ostrea  wegmanniana,  which  are 
usually  quite  a  feature  of  the  zone,  are  here  but  poorly  shown. 
We  found  one  example  of  Lima  decussata  in  Pit  No.  92  in  the 
C/infacrinuS'hand.  As  usual,  Zima  hoperi  reaches  its  maximum 
size  at  this  horizon. 

TerebratuUna  rowei  was  found  in  every  section  on  the  coast 
in  which  the  sub-zones  were  displayed,  as  well  as  in  the  old  road 
at  Freshwater  Bay  and  the  small  exposure  at  the  cliff  edge  at 
Tennyson's  Monument.  Though  we  obtained  three  examples  in 
the  extreme  base  of  the  quadratus-zont  we  found  it  here 
rigidly  confined  in  its  downward  range  to  its  own  horizon,  and 
have  never  met  with  it  in  the  zone  of  Micraster  cor-anguinum, 

Caryophyllia  cylindracea  we  usually  regard  as  a  form  limited  to 
this  zone,  and  even  more  particularly  to  the  Marsupites-hdind , 
but  in  the  Island  we  obtained  it  in  both  the  sub-zones.  Dr. 
Blackmore  does  not  find  it  so  restricted  in  the  Salisbury  area, 
but  gives  it  a  range  from  the  zone  of  Micraster  cor-anguinum  to 
the  base  of  the  quadratus-chaAk, 

The  shape-variations  of  Echinoconus  resemble  those  in  Dorset 
and  Sussex.  We  found  few  uncrushed  examples,  but  such  as 
we  saw  were  referred  to  the  round  form  known  as  Echinoconus 
vulj^ariSy  together  with  one  undoubted  example  of  Echinoconus 
globulus.  This  urchin  is  rare  in  Hampshire  at  this  horizon,  but 
it  occurs  in  a  scattered  band  at  the  base  of  the  zone  at  Salisbury, 
where  the  shape-variations  appear  to  coincide  with  those  in  Kent, 
in  that  E,  conicus  and  E,  albo-galerus  are  both  obtained.  We 
record  E,  globulus  from  both  the  Uintacrinus-haind  and  the  top  of 
the  Micraster  cor-anguinum  zon^  in  Thanet,  and  from  the  latter 
horizon  at  Northfleet. 

Micraster  cor-anguinum  is  by  no  means  common  here,  and 
the  material  is  too  scanty  and  damaged  to  warrant  one  in  saying 
that  the  var.  rostratus  is  the  characteristic  form.  This  variety  is 
more  common  at  Salisbury  than  it  is  at  Margate.     Cyphosoma 

*  Proe,  Gwl.  Assoc,  vol.  zvi,  PI.  vili,  2900.    Part  1,  Kent  and  Sussex. 
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konigi  here  reaches  its  largest  size,  and  we  found  it  in  both 
sub-zones  at  Freshwater  Bay  and  Scratcheirs  Bay.  Cardiaster 
pillula^  one  example  of  which  was  found  in  the  Marsupites-hajA 
at  White  Nothe,  Dorset,  was  not  seen  here — a  further  proof,  were 
it  needed,  that  this  urchin  is  one  of  the  rarest  occurrences  in  this 
zone.  Serpula  turbinella  is  more  common  than  in  the  zone 
immediately  below,  but  it  is  not  until  we  reach  the  two  highest 
zones  that  it  becomes  really  common  and  large. 

The  large  size  of  Porosphctra  globularis^  so  helpful  in  the  field 
in  Kent  and  Sussex,  is  hardly  so  conspicuous  here,  though  it 
attains  goodly  dimensions,  and  is  certainly  bigget  than  the 
examples  found  in  the  zone  immediately  below. 

The  Utnfacrinus-hsind  contributed  a  list  of  only  forty-eight 
species,  and  Marsupi/es-bsind  but  fifty-nine.  All  who  work  these 
sections  will  realise  the  reason  for  a  scanty  fauna. 

Zone  of  Actinocamax  quadratus. 

We  are  in  the  habit  of  alluding  to  the  barren  areas  in  the 
fuadrafus-chsMnj  and  those  who  examine  the  beds  at  this  horizon 
in  the  Island  will  appreciate  the  significance  of  the  term. 

Echinocorys  scutalus  (a  characteristic  gibbous  fonn)  \ 

Cardiaster  piilula / 

Bourgustkrinus  elHpticus  (a  special  form)       .        .  (average  thickness 

Actinocatnax  quadratus A  371  ft. 

Actinocamax  granulatus \ 

Calosmilia  laxa ) 

Other  characteristic  fossils  are:  Rhynchonella  limbatay 
Rhytuhonella  plicatilisy  Tertbratulina  raweiy  Crania  egnabergensiSy 
Eschara  acis^  Vincularia  santonensisy  Cribrilina  sp.,  Serpula 
iiium^  Serpula  turbinella^  and  Porosphcera, 

It  is  with  considerable  misgiving  that  we  print  the  tabular 
summary  given  above,  for  in  the  Isle  of  Wight  Cardiaster  piilula 
and  the  two  belemnites  are  conspicuously  rare.  Indeed,  one  may 
state  unreservedly  that  Echinocorys^  Bourgueticrinus  and  the 
bryozoa  are  here  the  only  reliable  guides  in  the  field. 

Echinocorys  scutatuSy  if  it  were  more  abundant  and  less 
shattered,  would  be  all-sufficient  for  our  purposes,  for  the  gibbous 
form  with  a  flat  base  is  a  really  reliable  zonal  guide  throughout 
the  whole  of  southern  England.  It  tends  to  run  in  bands,  and 
the  only  drawback  is  that  ^the  bands  are  often  reprehensibly  far 
apart.  There  would  appear  to  exist  here  tlie  rather  pointed  and 
dome-shaped  form  which  we  have  previously  mentioned,  and 
also  a  certain  number  of  very  depressed  forms  of  medium  size. 
All  these  shape-variations  exist  in  other  southern  sections,  but 
here  the  rock  is  so  shattered  that  shape-variations  are  not  easy  to 
follow  with  certainty. 

Cardiaster  piilula  was  abundant  in  Dorset  and  Sussex,  and 
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appears  to  be  equally  common  in  Hampshire  and  the  Salisbury 
area.  In  all  these  locaUties  it  runs  in  bands.  Here,  however,  it 
is  so  rare  as  to  be  useless  as  a  zonal  guide,  and  we  give  on  p.  283 
a  list  of  sections  where  it  has  been  found.  Had  the  sections  in 
this  zone  a  better  surface  it  is  quite  possible  that  this  echinid 
might  be  found  in  its  usual  abundance,  and  the  suggestion 
gains  point  from  the  statement  by  Mr.  Griffith  that,  when  the 
excavation  for  the  fort  at  the  Needles  was  being  made,  he  and 
Mr.  Brydone  collected  there  a  considerable  number  of  examples. 
However,  Mr.  Griffith  entirely  shares  our  views  as  to  the  rarity  of 
this  urchin  in  the  Island  and  its  consequent  lack  of  value  as  a 
guide-fossil.  More(/ver,  its  usefulness  as  a  zonal  guide  is  further 
complicated  by  the  fact  that  in  the  Island  it  is  also  found,  though 
very  sparingly,  in  the  mucronata-chdXk. 

Here  also,  as  in  Dorset,  we  found  portions  of  Micraster  cor- 
anguinum^  two  at  ScratchelFs  Bay,  two  at  Freshwater  Bay,  and  one 
at  White  Cliff  Bay,  so  that  in  time  examples  will  probably  be 
obtained  in  a  sufficiently  perfect  state  to  establish  the  much- 
needed  essential  features  of  the  test  for  this  zone  in  England. 
We  have  found  it  in  the  base  of  the  zone  in  Sussex  and  the 
Portsdown  Hills,  and  well  up  in  the  zone  at  Bessingby,  near 
Bridlington;  but  it  finds  no  place  in  the  collections  of  Mr. 
Griffith  and  Dr.  Blackmore. 

The  belemnites  are  interestinginthatthey  occur  here  in  the  same 
position  in  the  zone  as  in  Dorset ;  but  with  that  their  usefulness 
ends,  for  we  have  but  seven  examples  of  Actinocamax  quadratus 
and  three  of  Actinocamax  gratiulatus  to  reward  us  for  nine  weeks' 
work  in  the  Island.  It  must  be  remembered,  however,  that  but 
for  the  fortunate  occurrence  of  the  former  belemnite  in  horizontal 
chalk,  east  of  White  Nothe,  where  it  occupied  a  bed  of  only 
some  20  ft.  in  thickness  in  the  middle  of  the  zone,  we  should 
probably  be  in  the  same  case  as  in  the  Island ;  for  it  will  be 
readily  understood  that  if  we  convert  this  horizontal  into  vertical 
chalk,  we  might  easily  pass  over  this  limited  vertical  surface 
without  seeing  a  trace  of  a  belemnite.  The  even  greater  rarity  of 
Actinocamax  granuiatus  is  readily  accounted  for  by  reason  of 
the  fact  that  it  is  confined  to  a  still  narrower  bed  at  the  base  of 
the  zone.  It  was  found  in  exactly  the  same  position  in  Dorset 
and  was  equally  rare. 

While  speaking  of  Cephalopods  it  may  be  well  to  remember 
that,  as  in  Dorset,  no  Ammonites  or  Aptychi  were  found  in  this 
zone.  Mr.  Griffith  finds  both  Aptychus  Uptopkytlus  and  Aptychus 
portlocki  in  Hampshire,  and  Dr.  Blackmore  has  a  wonderful 
series  of  the  same  two  species  from  the  Salisbury  area.  In  the 
latter  locality  A.  portlocki  is  of  a  small  and  lamellate  type,  and 
A,  leptophyllus  is  rigidly  confined  to  a  narrow  bed  to  which 
Beicmnitclia  lanceoiata  is  also  restricted. 

Bourgueticrinus  ellipticus  is  always  a  useful  guide,  for  the  head 
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is  fully  characteristic,  and  the  columnars  with  their  expanded  ends 
are  abundant.  These  are  figured  in  Part  I.,  Kent  and  Sussex .• 
This  species  is  well  exhibited  in  the  Island. 

The  brachiopods  in  this  zone  are,  as  usual,  interesting. 
Rhynchanella  plicatilis  is  common  here,  as  elsewhere,  and  so  is 
the  form  known  as  var.  octoplicata ;  while  Rhyncfionella  limbata  is 
abundant,  and  is  useful  in  the  field  in  that  its  shape-variation 
differs  from  that  in  the  mucronata-<^9^  being  larger,  broader  and 
more  plicate  at  the  margin.  Crania  egnabergensiSy  though  less 
common  than  usual  here,  is  of  good  size  and  with  costae  rather 
wide  apart ;  and  Terebratulina  rowei  was  represented  by  three 
examples  in  the  extreme  base  of  the  zone  at  Scratchell's  Bay,  just 
as  on  the  coasts  of  Dorset  and  Sussex,  and  in  the  Portsdown  Hills 
and  at  Salisbury. 

It  is  useless  to  deal  dogmatically  with  lamellibranchs  in  this 
shattered  and  obscured  chalk.  Inoceramus  lamarcki  is  found, 
and  would  appear  to  be  of  smaller  size  than  the  form  so 
commonly  seen  in  the  zone  of  Micraster  cor-tesiudinarium  and 
to  a  less  extent  that  of  Holaster  planus.  We  found  Ostrea 
lateralisy  but  not  the  interesting  form  known  as  the  var.  striata^ 
which  we  regard  as  so  characteristic  of  this  zone.  In  any  case,  it 
is  only  at  the  last-named  horizon  that  this  variety  is  at  all 
common.  Quite,  recently,  however,  we  have  been  able  to  extend 
our  knowledge  of  its  vertical  range  by  the  occurrence  of  three 
solitary  examples  from  other  zones,  for  Dr.  Blackmore  has  found 
it  in  the  mucronala-chaik  of  Alderbury,  Salisbury;  Mr.  H.  J. 
Osborne  White  has  seen  it  in  the  Micraster  cor-anguinum-zone  at 
Boxford,  Berkshire ;  and  we  have  obtained  it  in  the  Micraster  cor- 
testudinariumzont  at  Dover.  Mr.  Osborne  White  has  also 
recently  sent  us  a  portion  of  an  Ostrea  with  practically  identical 
ornamentation,  save  that  the  striae  are  slightly  coarser.  It  was 
found  by  Mr.  F.  J.  Bennett  in  the  Rhynchonella  cuvieri-zon^^  a 
little  above  the  Melbourn  Rock,  near  Bunker's  Farm,  Birling, 
Kent.  The  fracture  is  that  of  an  oyster  and  not  of  an 
Inoceramus,  If  our  determination  of  this  fragment  be  correct,  the 
record  is  a  remarkable  one.  Septifer  lineatus  is,  strange  to  say, 
a  new  appearance  in  our  lists,  for  we  have  never  yet  seen  it  on 
the  coast;  but  here  we  obtained  two  examples  in  pit  No.  14, 
Shalcombe.  Dr.  Blackmore  only  finds  it  in  the  zones  of 
Marsupites  testudinariuSy  Actinocamax  quadratus  and  Belemnitella 
mucronata  at  Salisbury ;  while  Mr.  Griffith  lists  it  in  the  Chalk 
Rock  and  quadratus<^2^  of  Hampshire ;  and  Mr.  G.  W.  Young 
has  found  it  in  the  Marsupites-hand  at  Great  Woodcote,  Surrey. 
Our  only  other  example  was  collected  in  the  Cenomanian  lime- 
stone of  Beer  Head,  and  was  remarkable  for  the  preservation  of 
the  nacreous  layer  of  the  shell.  It  has  also  been  found  in 
the  Micraster  cor-anguinum-zonQ  at  Northfleet,  Kent. 

•  **  The  White  Chalk  of  the  English  Coast."    Proe,  GioL  Assoc,  vol.  zvi,  PI.  vlH. 
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Bryozoa  are  often  abundant  in  this  zone,  forming  bands,  as  in 
the  base  of  the  zone  on  the  Sussex  coast  and  in  the  Portsdown 
Hills.  The  sections  in  the  Island  are  too  obscured  to  enable  one 
to  say  if  the  same  conditions  obtain  here,  but  by  breaking  up 
blocks  characteristic  forms  are  often  found.  Even  here  we  still 
find  that  Eschara  acis^  Vincularia  santonensisy  and  Cribrilina  sp. 
are  useful  guides  in  the  field. 

The  corals  in  this  zone  are  usually  interesting,  for  apart  from 
the  abundant  and  highly  characteristic  Calosmilia  laxa^  we 
generally  expect  to  find  Parasmilia  centraiisy  P.  cylindrica  and 
P.fittonL  The  two  latter  were  not  seen  here,  but  P,  centralis  is 
not  altogether  rare.  However,  here  as  elsewhere,  Coslosmilia  laxa 
is  the  dominant  form,  and  is  both  common  and  remarkably  large. 

When  dealing  with  the  coasts  of  Sussex  and  Dorset  we  noted 
that  Serpula  ilium  in  this  zone  was  both  abundant  and  of 
unusually  large  size,  and  we  still  regard  this  evidence  as  useful 
in  the  field.  In  addition,  we  found  two  aggregations  of  this 
annelid,  which  must  be  regarded  either  as  an  abnormally  large  form 
of  5.  iliuniy  or  a  very  thin  form  of  Serpula  plexus.  As  usual, 
Serpula  turbinella  becomes  in  this  zone  an  increasingly  important 
fossil,  both  numerically  and  in  point  of  size. 

I'he  Porosphcera  group  is  also  of  value.  Porosphoera  globu- 
larisy  though  of  good  size,  is  smaller  than  in  the  Marsupites-zoney 
while  Porosphcera  nuciformis  is  both  larger,  and  with  grooves  and 
point  more  accentuated  than  in  the  zone  below.  Porosphcera 
pileolus  here  reaches  its  maximum  in  size  and  number.  All  these 
features  are  seen  in  the  Isle  of  Wight. 

We  are  fully  satisfied  to  have  obtained  a  list  of  62  species  in 
chalk  so  barren  and  ill-exposed. 


Zone  of  Belemnitella  mucronata. 

BeUmnitella  mucronata         .... 
Eckinocorys  scutatus  (a  special  form)    . 

Cardiasttr  ananchyiis 

Cidaris  serrata     ...... 

Cidaris  pltracantha 

Bourgueticrinus  ellipticus  (a  special  form)     .        .  \  Maximum  com- 

Pycnasttr  angustatm [   bined  thickness 

Magas pumilus \  in      Scratchell's 

Crania  costata (  Bay  and   Alum 

Kingena  Itma  (a  special  form)  .  L       Bay,  475  ft. 

Rkynchonella  limbata  (a  special  form)  . 

Terehratula  carnea 

Inoceramus  sp 

Cteiosmilia  laxa 

Serpula  canteriata 

Other  characteristic  fossils  are  :     Cardiaster  pillula^  Cidaris  sub- 
vesiculosa^  Salenia  geometrica^  Apiychus  portlocki^  Lima  granulata 
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Pecten  campaniensis^  Porina  filifortniSy  Eschara  adSy  Vincularia 
santonensis^  Vincularia  bella^  Semieschara  woodsi^  Semieschara 
arborea^  Serpula  sexangulata^  Serpula  turbinelia,  Poroiphotra^ 
Leptophragma  murchisoni^  and  AphrocaUistes, 

This  is  indeed  a  formidable  summary  and  one  which  differs 
in  many  notable  respects  from  the  lists  obtained  in  other  southern 
counties,  and  even  from  that  of  the  Dorset  coast  itself.  We  give 
our  zoological  data  just*  as  they  occurred  to  us  in  the  field  and  have 
made  no  attempt  to  force  a  closer  correspondence  between  this 
chalk  and  that  of  Dorset.  Indeed,  the  very  variations,  within  a 
distance  so  short,  stimulate  the  interest  and  make  conclusions  the 
more  real  It  is  a  relief  to  pass  from  the  apparently  barren 
gu(uiratus-(^2\\i  to  a  zone  which,  on  the  coast  at  any  rate,  exhibits 
a  fauna  which  is  as  rich  as  it  is  convincing.  We  must  frankly 
admit,  however,  that  in  quarries,  especially  such  as  those  which 
we  found  in  the  Island,  the  fauna  is  by  no  means  easy  to  obtain. 
Still,  we  have  yet  to  see  a  section  in  this  zone  where  one  of  the 
guide-fossils  at  least  was  not  forthcoming.  If  only  the  mucronata- 
chalk  in  the  Isle  of  Wight  were  soft  and  horizontal,  what  a 
record  of  exuberant  life  it  would  yield. 

Belemniteiia  mucronata  is  unquestionably  scarcer  here  than  in 
Dorset,  even  on  the  coast,  but  in  size  and  general  appearance  the 
guards  correspond  entirely.  As  in  the  vertical  beds  of  the  Chalk 
Ridge  in  Dorset,  we  search  quarry  after  quarry  in  succession 
without  seeing  a  trace  of  the  belemnite ;  but  whereas  in  Dorset 
Magas  pumilus  frequently  came  to  our  aid,  here  we  had,  by 
reason  of  the  rarity  of  this  interesting  little  brachiopod,  to  rely  on 
Echinocorys  scutatus  alone. 

It  will  be  noticed  that  Belemniteiia  lanceolata  is  omitted  from 
our  list  of  guide  fossils  for  this  zone.  We  do  this  because  we  have 
considerable  doubt  if  the  narrow  tapering  form,  which  we  have 
hitherto  referred  to  this  species,  is  not  really  the  narrow  shape- 
variation  of  Belemniteiia  mucronata.  There  are  in  every  zone  of 
the  White  Chalk  in  which  they  occur,  both  in  the  case  of  Actino- 
camax  and  Belemniteiia^  two  sharply  contrasting  forms,  the  one 
long,  narrow  and  tapering,  and  the  other  short  and  inflated.  The 
difference  may  be  varietal  or  even  sexual,  and  the  two  forms  occur 
not  only  in  the  same  zone  but  in  the  same  stratum.  The  points 
which  distinguish  Belemniteiia  lanceolata  from  Belemniteiia 
mucronata  are,  apart  from  the  fact  that  the  shape  of  the  former  is 
thin  and  tapering,  a  slight  inflation  at  the  junction  of  the  middle 
and  distal  one-third,  and  a  smoother  guard,  due  to  a  decrease  in 
strength  of  the  vascular  impressions.  We  have  before  quoted 
Dr.  Blackmore  as  stating  that  Belemniteiia  lanceolata  is  restricted  at 
Salisbury  to  a  comparatively  narrow  bed  in  the  lower  two-thirds 
of  the  quadratu5<^2i}^^  wherein  it  is  associated  with  Apiychus 
leptophyllus^  which  is  also  limited  to  the  same  restricted  horizon. 
Quite  recently  we  have  had  the  opportunity  of  examining  Dr. 
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Blackmore's  unrivalled  collection  of  Belemnites,  and  the  study  of 
this  series,  together  with  our  own  observations  in  the  field,  leads 
us  to  the  conclusion  that  the  true  BeUmnitella  lanceolata  is  only 
found  in  the  narrow  bed  of  quadratus-chaXk  at  Salisbury,  and  that 
the  narrow  tapering  forms  found  in  the  mucronata-chd^in  are  only 
a  shape-variation  of  BeUmnitella  mucronata.  A  more  extended 
knowledge  of  the  genus  may  alter  this  opinion,  but  this  is  certainly 
our  view  from  the  material  at  our  disposal  up  to  the  present  time. 

Before  we  leave  the  Cephalopoda  we  may  as  well  state  that 
we  found  no  trace  of  an  Ammonite  in  this  zone,  either  in  the 
Island  or  on  the  Dorset  coast.  They  occur  rarely,  however,  in 
the  mucronata-dtidWi  of  Norwich  and  Salisbury,  but  we  do  not 
know  to  what  species  they  should  be  referred. 

We  recorded  Aptychus  rugosus  from  Dorset,  but  failed  to  find 
it  here,  but  in  its  stead  we  obtained  the  larger  and  smoother  form 
oi  Aptychus  portlocki^  two  examples  at  Scratchell's  Bay  and  one  at 
Whitecliff  Bay.  At  Salisbury,  and  in  Hampshire  Aptychus 
rugosus  is  the  dominant  form  of  the  mucronata-txm^ ;  but  Dr. 
Blackmore  has  two  examples  of  Aptychus  portlocki  of  the  large 
and  smooth  form  from  the  same  horizon,  and  we  have  also 
collected  another  from  the  Salisbury  area.  It  must  be  conceded, 
however,  that  the  true  horizon  for  Aptychus  portlocki  is  the  quad- 
ra/«j-chalk,  and  that  in  the  latter  zone  the  valves  are  smaller 
and  more  lamellate. 

Echinoderma  is  here  an  all-important  group  and  obtains  a 
rich  development,  but,  owing  to  the  hardness  of  the  rock,  nothing 
is  found  in  a  perfect  state,  nor  can  the  fossils  be  properly 
cleaned. 

Echinocorys  scutatus  is  abundant,  and,  so  far  as  we  can 
ascertain  from  our  mutilated  material,  occurs  in  three  principal 
shape-variations.  The  form,  which  is  alike  the  commonest  and 
most  useful  in  the  field,  is  the  small  pyramidal  shape-varia- 
tion resembling  Echinoconus  conicus  in  outline,  and  of  very  much 
the  same  size.  It  is  happily  very  abundant,  for,  as  we  have 
before  mentioned,  we  have  often  to  rely  on  it  entirely  in  fixing  the 
age  of  the  chalk  on  the  northern  limit  of  the  Chalk  Ridge.  Even 
in  a  small  form  such  as  this  a  perfect  example  is  quite  a  rarity, 
and  the  best  examples  are  those  which  are  in-filled  with  flint.  It 
probably  runs  in  bands,  as  in  Dorset,  for  though  we  have  here  no 
section  in  horizontal  chalk  in  which  we  can  trace  it,  individual 
fallen  masses  often  contain  many  examples;  as  an  instance  of  which 
we  may  state  that  one  small  block  at  Whitecli£f  Bay  contained 
eighteen  examples  on  the  surface  alone.  We  have  found  this 
sm^ll  pyramidal  form  at  the  extreme  base  of  the  zone,  and  at  its 
contact  with  the  Eocene,  both  in  Dorset  and  the  island,  and  it 
occurs  abundantly,  so  far  as  we  can  tell,  at  all  the  intermediate 
levels.  The  same  form  is  equally  characteristic  of  the  zone  in 
Hampshire  and  Wiltshire. 
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There  is  a  large  form  which  assumes  the  shape  of  a  slightly 
pointed  dome,  thereby  closely  resembling  the  well-known  shape- 
variation  found  at  Norwich.  We  have  as  yet  failed  to  get  a 
perfect  example,  but  crushed  specimens  are  by  no  means  rare. 
Professor  John  Milne  has  two  very  large  examples  from  the  Shide 
Quarry  (No.  49)  which  are  practically  perfect. 

Another  interesting  variety  is  that  in  the  shape  of  a  tall, 
rounded  dome,  much  compressed  laterally.  We  found  it  at 
Scratchell's  Bay,  Alum  Bay,  and  pits  No.  61,  Apes  Down,  and 
No.  105,  Mount  Joy.  The  very  small  forms  with  thin  test, 
which  we  record  at  Ballard  Head,  was  not  found  here,  but  since 
the  publication  of  the  Dorset  Paper  we  have  collected  it  at 
Norwich,  and  examples  may  be  seen,  both  in  calcite  and  as 
flint' casts,  from  the  gravels,  in  the  fine  museum  in  that  city. 
By  no  means  the  least  interesting  find  in  this  zone  was  that  of 
three  immature  examples  of  Echinocorys^  measuring  but  2  mm. 
in  diameter.  The  only  other  similar  instance  with  which  we  are 
acquainted  is  in  Dr.  Black more's  collection,  where  nine 
examples  were  found  inside  a  full  grown  Echinocorys,  The 
scarcity  of  very  young  forms  is  always  a  source  of  wonder  in  the 
field,  but  it  is  probable  that  diligent  search  would  result  in  a 
better  knowledge  of  the  subject. 

Cardiaster  pillula  is  another  new  record  in  our  experience 
of  mucronataKi\2^^  and  is  generally  of  a  small  and  rounded  shape. 
It  is  not  merely  found  in  the  base  of  the  zone,  for  we  have 
collected  it  at  the  Eocene  junction  at  Alum  Bay,  at  pit  No.  49, 
Shide,  at  No.  41,  Brading  Station,  as  well  as  at  the  middle  of  the 
zone  at  Scratchell's  Bay.  It  probably  occurs  at  the  same 
horizon  in  Hampshire,  but  not  in  the  Salisbury  area,  and 
Mr.  Brydone  says  that  he  has  found  it  at  the  same  level  in 
Suffolk. 

Cardiaster  ananchytis,  though  by  no  means  a  rare  fossil, 
is  always  broken,  both  on  the  Dorset  coast  and  in  the  Island, 
while  its  absolute  restriction  to  this  zone  makes  it  a  reliable 
guide-fossil.  The  only  exception  to  this  rule  with  which  we  are 
acquainted  is  in  Yorkshire,  where  it  ranges  from  the  zone  of 
Micraster  cor-angmnum  to  that  of  Actinocatnax  quadratus^  being 
an  abundant  fossil  at  the  latter  horizon.  So  far  as  we  know  there 
is  no  mucronaia-^2\)ii  in  that  county. 

Before  leaving  the  irregular  echinids  it  is  well  to  mention  that 
a  solitary  example  of  Echinoconus  conicus  has  been  found  by 
Mr.  Walter  P.  Young  close  to  the  junction  with  the  Eocene 
at  Alum  Bay.  The  occurrence  is  not  entirely  new,  however, 
as  Mr.  Mark  Norman  records  it  from  the  same  locality, 
and  possibly  this  specimen  may  be  in  the  Ventnor  Museum. 
Mr.  Young's  example  could  not  be  told  from  a  characteristic 
Northfleet  form  from  the  zone  of  Micraster  car-anguinumy  for  it 
is  of  medium  size,  conical,  fiat  in  base,  and  with  an  anus  large 
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and  marginal.  Anything  more  unlike  the  depressed  form  which 
is  found  at  Norwich  it  would  be  difficult  to  imagine. 

Micraster^  as  in  Dorset,  was  represented  by  a  portion  of  a 
test  found  at  Scratchell's  Bay.  It  is  not  found  in  Hampshire  or 
in  the  Salisbury  area,  but  we  have  collected  it  at  Norwich,  Wey- 
bourn,  and  Trimingham,  where  it  is  always  a  rare  fossil. 

Of  the  regular  echinids  we  note  Cyphosoma  kbnigi^ 
Cypkosoma  corollare,  Salenia  granulosa^  and  Salenia  geometrical 
the  three  former  being  unusually  high  occurences,  for  we  believe 
that  neither  Mr.  Griffith  nor  Dr.  Blackmore  has  recorded  them 
from  this  horizon.     Salenia  was  not  found  in  Dorset. 

The  Cidarites,  as  at  Ballard  Head  and  Studland  Bay,  are  here  of 
peculiar  interest,  the  characteristic  form  being  Cidaris  serrata^ 
which  is  the  more  valuable  as  a  guide-fossil  in  that  it  is  restricted 
to  the  w«<T^«tf/fl-chalk.  The  universally  prevalent  Cidaris 
hirudo  is  here  found  in  abundance,  and  Cidaris  subvesiculosa  is  also 
fairly  common.  We  did  not  see  any  spines  of  Cidaris  serrata 
with  triple  denticles,  as  in  Dorset,  nor  did  we  find  the  spines  of 
Cidaris y  sp.  nov.,  which  we  mention  on  p.  62  of  the  Dorset 
paper.  We  have  never  seen  Cidaris  sceptrifera  or  Cidaris  davigera 
in  this  zone,  though  we  have  found  them  both  in  the  lower  part 
of  the  quadratus-^^cisi^  on  the  Sussex  coast. 

The  chief  interest,  however,  centres  round  Cidaris  pleracanthay 
the  spines  of  which  we  have  already  recorded  for  the  Dorset  Coast, 
where  we  found  four  examples.  Here  we  were  fortunate  enough 
to  secure  seven  specimens,  all,  however,  in  a  poor  state  of 
preservation.  Those  from  Dorset  were  found  in  the  upper  one- 
third  of  the  zone,  while  those  from  ScratchelPs  Bay  came  from 
the  lower  half,  so  that  it  is  possible  that  it  ranges  sporadically 
throughout  the  mucronata-^?!}^. 

It  would  occupy  too  much  space  to  give  a  description  of  the 
spines  by  the  various  authors,  so  we  content  ourselves  with  giving 
the  following  references : 

Agassiz.— Gi/.  Syst.  Eciyp,  Foss.,  p.  10,  1840. 
SORIGNET.— Oarwiw  Foss.  d€  I'Eurty  p.  4,  1S50. 
Desor. — Synops.  des  ^hm,  Foss,,  p.  14,  Figs.  7-10,  1856.  ^ 
COTTEAU. — Pal. /rang.  Ter.  Cret.,ja.  310,  Figs.  1-13,  1865. 
Wright.— /'u/.  Soc.y  Afon.  Brit  Foss.  Ech,,  p.  67,  PI.  XI,  Fig.  5,  PI.  XII, 
Fig.  5,  1864-1882. 

We  have  been  at  some  pains  to  work  out  the  French  and 
English  occurrences  of  this  rare  species,  so  we  give  them  in 
detail  in  order  that  we  may  show  how  the  wide  gap  between  the 
zones  of  Holaster  subglobosus  and  Belemnitella  mucronata  has 
been  closed  up  by  further  collecting  and  inquiry.  Sorignet  is  the 
only  writer  who  claims  to  have  found  the  test  of  this  urchin,  and 
there  would  seem  to  be  some  doubt  as  to  the  determination  of 
his  specimen.   The  other  authors  content  themselves  with  stating 
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that  the  test  is  unknown ;  nor  have  we  been  any  more  fortunate^ 
though  we  have  made  special  search  for  it  The  known  occur- 
rences, so  far  as  our  investigation  goes,  are  as  follow : 

BeUmniUlla  natcronata     .        ,    Meudon  (Agassiz,  Desor,  Cotteau). 
B4lemniUUa  mucronata     .  Dorset  and  Isle  of  Wight  (Rowe), 

White  Chalk  of  Civiferes  (Eure)    (Sori^et). 
Actinocamax  quadratus     .         .    Spettisbury,  near  Blandford  (^Mus. 

PracU  GioL^  No.  20370). 
Upper  White  Chalk  of  Sussex  .    (Desor). 

MicrasUr  cor-anguinum     ,  Arreton  (Isle  of  Wight),  (Barrois). 

Micrasier  cor-anguinum      .         .     Northfleet  (Sedgwicx  Afus,'), 
Micraster  cor-anguinum      ,  Thanet  Coast  {Rowe  Coli.% 

Holaster  subglobosus  .        .        .     Sussex  and   Dorking  iBrtt.  Mus, 

Nat.  HisLy 

The  Agassiz  types  (casts)  can  be  seen  at  the  Brit.  Mus.  (Nat. 
Hist),  and  our  examples  from  Dorset  and  the  Island  conform 
closely  to  them.  The  original  spines  from  which  the  casts  were 
taken  came  from  Meudon.  We  have  been  unable  to  ascertain 
the  zone  of  the  White  Chalk  of  Civieres.  The  examples  from 
Spettisbury,  Northfleet,  and  those  from  the  Grey  Chalk  of  Sussex 
and  Dorking  have  all  been  examined  and  we  have  no  doubt  as 
to  their  determination.  The  zone  of  the.  Arreton  example  is 
doubtful,  for  though  Dr.  Barrois  records  it  under  the  heading  of 
the  Micraster  cor-anguinum-zonet  a  glance  at  his  list  of  fossils 
{op,  at.,  p.  25)  leaves  us  with  the  suspicion  that  the  zones  of 
Marsupites  and  Actinocamax  quadratus  are  here,  as  in  other 
localities,  coupled  with  the  zone  in  question.  The  reference  to  the 
upper  White  Chalk  of  Sussex  would  seem  to  indicate  the  zones 
of  Marsupites  and  Actinocamax  quadratus  also.  In  any  case,  it 
is  clear  that  we  have  been  able  to  bridge-over  several  hundred 
feet  of  the  gap  between  the  highest  and  lowest  occurrences 
hitherto  recorded. 

Bourgueticrinus  yet  again  appears  as  a  guide-fossil  for  this 
zone,  for  we  had  the  good  fortune  to  find  several  heads  of  this 
crinoid  both  at  Ballard  Head  and  Scratchell's  Bay.  The  head  is 
practically  indistinguishable  from  that  characteristic  of  the 
Marsupites-zon^.  When  we  first  found  it  in  Dorset  we  thought 
that  it  differed  from  that  in  the  lower  zone,  but  a  larger  series  of 
specimens  would  seem  to  bring  the  two  forms  into  line.  The 
columnars,  however,  differ  widely  from  those  in  the  Marsupites- 
zone,  for  they  are  small,  contracted  in  the  centre,  and  with 
excavated  articular  surfaces.  We  have  made  inquiry  and  find 
that  the  head  in  this  zone  is  unknown  to  other  collectors.  We 
have  also  examples  from  Trimingham,  which  closely  resemble 
those  from  the  mucronata<^[\aiXk  of  the  Island. 

The  separate  ossicles  of  Asteroidea  are  for  once  a  useful  guide 
in  the  field.  We  know  that  the  different  genera  and  species  have 
their  zonal  restrictions,  but  specimens  with  connected  ossicles  are 
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SO  rare,  save  in  quarries,  that  those  who  work  on  the  coast  find 
them  of  no  zonal  value  whatever.  Dr.  Blackmore's  magnificent 
collection  of  perfect  examples  from  Salisbury  and  Micheldever, 
however,  have  enabled  him  to  use  the  separate  ossicles  as  zonal 
guides,  and  we  have  obtained  his  assistance  with  those  mentioned 
in  this  paper.  Mr.  Spencer  in  the  forthcoming  addition  to  his 
monograph  will  figure  the  characteristic  marginal  ossicles,  so  that 
they  will  then  be  available  for  use  in  the  field.  We  find  that  our 
references  to  Calliderma  latum  and  Oreaster  bulbiferus  as  guide- 
fossils  to  this  zone  in  Dorset  was  a  mistake,  and  Dr.  Blackmore 
and  Mr.  Spencer  refer  them  to  Pycnaster  angustatus.  Here,  as 
in  Dorset,  these  large  ossicles  are  quite  numerous,  and  as  they 
readily  catch  the  eye,  we  have  no  hesifation  in  employing  them 
as  fossils  locally  characteristic  of  the  zone,  for  at  no  other  horizon 
have  we  found  them  so  large  or  so  numerous. 

Brachiopods  are  again  of  high  importance  as  guide-fossils,  for 
Magas  punUluSy  Crania  costata,  Kingena  Kma^  Rhynchonella 
Hmbata^  and  Terebratula  carnea  are  all  of  definite  service  in  the 
field.     They  are  all  abundant  in  the  Island. 

Magas  pumilus  has  never  to  our  knowledge  been  found  below 
the  mucronata-zone,  and  is,  therefore,  when  found,  an  absolutely 
safe  guide  to  horizon.  Unfortunately,  it  is  erratic  in  its  in- 
cidence, especially  in  the  Isle  of  Wight.  In  Dorset  we  found  it 
at  the  base  of  the  zone  at  Arish  Mell,  and  abundantly  in  the 
upper  portion  at  Ballard  Head  and  Studland  Bay,  and  in  the 
horizontal  chalk  at  Wool.  Here  it  is  quite  common  at  Alum 
Bay,  at  the  junction  with  the  Eocene,  and  not  rare  at  pits  No.  i 
and  2,  Freshwater.  The  other  occurrences  are  noted  on  p.  284. 
We  did  not  find  it  at  the  base  of  the  zone  at  Scratchell's  Bay. 
At  Salisbury  Dr.  Blackmore  has  only  found  three  examples, 
measuring  4  mm.  in  diameter,  while  Mr.  Griffith  does  not  record 
it  for  Hampshire.  We  have  it  at  Norwich,  Weyboum,  and 
Trimingham. 

Rhynchonella  limbata^  though  it  has  an  unbroken  range  from 
the  zone  of  Terebratulina  gracilis  upwards,  is  here  fully  character- 
istic of  the  mucronata-^^ca^^  for  it  is  of  the  small  inflated  form 
known  as  Rhynchonella  kntifomus^  Woodward.  For  further 
information  on  this  point  see  our  paper  on  the  Dorset  coast, 
pp.  63  and  64. 

Kingena  lima  has  also  a  characteristic  shape-variation,  being 
laige  and  pentagonal.  The  shape  is  rounded  in  the  Marsupites- 
zone,  somewhat  pentagonal  in  the  quadratus-zon^,  and  strongly  so 
in  that  of  Belemnitella  mucronata.  The  largest  specimens  which 
we  have  ever  seen  come  from  the  quadratus-^i?^  of  Hamham, 
Salisbury. 

Crania  costata  is  equally  reliable  as  a  zonal  guide,  for  it  is 
in  our  experience  absolutely  restricted  to  this  horizon.  It  is 
rarer  here  than  in  Dorset.     Hitherto,  we  have  never  seen  a  single 
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example  of  Crania  egnabergensis  in  this  zone,  but  we  can  now 
record  a  solitary  example  from  Whitecliff  Bay.  The  reference  to 
Crania  costata  is  G.  B.  Sowerby,  "  Genera  of  Recent  and  Fossil 
Shells,"  No.  xii,  fig.  6,  1823. 

Terebratula  carnea  is  not  of  large  size,  but  is  fairly  common 
here,  and  is  of  the  form  found  at  Meudon  and  characteristic  of  the 
zone.  This  is  the  only  zone  in  the  White  Chalk  where  it  is  not 
accompanied  with  the  equally  common  Terebratula  semigiabosa. 
Both  at  Salisbury  and  in  Hampshire  this  condition  holds  good, 
but  at  Norwich  we  find,  out  of  hundreds  of  examples,  about 
2  per  cent,  where  the  shell  is  narrower  and  the  margin  distinctly 
plicate.  This  is  not  due  to  distortion,  and,  though  slight,  is 
clearly  a  survival  of  the  marked  plication  in  the  examples  from 
the  ^uadrafus'beds  below,  where,  curiously  enough,  T,  semiglabosa 
would  appear  to  be  commoner  than  21  carnea, 

Rhynchomlla  pUcatilis  is  decidedly  rare  here,  and  of  small  size. 
It  occurs  at  Salisbury,  in  Hampshire,  and  on  the  Dorset 
coast,  and  in  the  first  locality  the  size  is  also  small.  The  maxi- 
mum in  point  of  size  seems  to  be  reached  in  the  zone  of 
Holaster  planus  in  most  southern  sections,  the  dimensions 
diminishing  as  we  ascend  the  zones.  The  obvious  exception  to 
this  statement  is  the  »»«^(P«a/a-chalk  of  Norwich,  where  the  shell 
is  as  large  as  any  found  in  the  Holaster  planus-zone.  We  did 
not  see  the  var.  octopHcata  here. 

Rhynchonella  reedensisy  which  found  no  place  in  our  list  for 
Dorset,  is  rather  common  here.  Dr.  Blackmore  and  Mr.  Griffith* 
record  it  for  the  same  horizon  at  Salisbury  and  in  Hampshire 
respectively. 

Thecideum  weiherelli  is  by  no  means  common,  but  this  may 
be  due  to  the  fact  that,  owing  to  the  hardness  of  the  rock,  all 
adnate  forms  are  rare.  It  has  a  range  from  the  zone  oiMicraster 
£or'testudinariuin  to  the  top  of  the  White  Chalk,  being  notably 
rare  at  its  lowest  limit.  At  ScratchelFs  Bay  we  found  two 
examples  of  large  size,  with  a  deep  sulcus  in  the  tall  adnate  valve. 
This  variety  was  quite  new  to  us,  but  we  find  that  Dr.  Blackmore 
has  several  examples  from  the  same  horizon  at  Salisbury.  There 
is  a  close  resemblance  between  these  larger  forms  and  Thecideum 
vermiculare  from  Trimingham. 

Lamellibranchs  here  are  by  no  means  so  useful  as  zonal  guides, 
but  those  which  are  of  value  in  the  field  are  Inoceramus  sp.,  Feden 
/uimpaniensis  and  Lima  granulata.  The  genus  Ostrea  here 
seems  to  exhibit  no  zonal  feature. 

Inoceramus  sp.  is  so  useful  in  the  field  that  we  the  more 
regret  our  inability  to  trace  it  in  any  of  the  works  to  which  we 
have  access.  In  our  experience  it  is  entirely  limited  to  this  zone, 
and  is  common  throughout  its  entire  extent.  Dr.  Blackmore 
regards  it  as  equally  common  at  Salisbury,  and  equally  distinctive 
of  horizon. 
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Pecten  campaniensis  is  rare  here,  as  we  only  found  it  at  Alum 
Bay  and  Pit  No.  6,  High  Down.  Dr.  Blackmore  gives  it  a  range 
from  the  Uintacrinus^nd  to  the  mucrona/a-zone  at  Salisbury, 
and  it  is  also  found  at  Norwich  and  Trimingham.  Until  the 
publication  of  Mr.  Wood's  monograph,  most  English  workers  had 
confounded  this  form  with  Pecten  pulchellus^  which  we  now  know 
is  confined  to  the  Trimingham  Chalk.  Quite  recently  we  have 
been  able  to  extend  the  range  of  Pecten  campaniensis  in  a  down- 
ward direction,  for  we  have  found  five  examples  in  the  Micraster 
car-testudinarium-iGnt  of  Dover. 

Pecten  cretosus^  always  broken,  both  here  and  in  Dorset,  is  of 
moderate  size  and  fairly  common.  It  ranges  from  base  to  top 
of  the  White  Chalk,  the  largest  examples  being  found  in  the 
quadratus-zon^  and  at  Norwich.  Curiously  enough,  it  is  not 
found  in  the  mucronata-ixyvLQ  at  Salisbury,  where  it  is  replaced  by 
Pecten  mantellianus  (plim  concentricus).  We  did  not  find  the  latter 
species  in  Dorset  or  on  the  Island.  Mr.  Wood's  record  of  Pecten 
cretosus  for  the  Salisbury  area  is  clearly  a  mistake,  as  Dr.  Black- 
more  states  that  he  has  never  seen  even  a  fragment  from  the 
horizon  in  question. 

Spondylus  sptnosus  would  seem  to  be  rar^  in  this  part  of 
England,  for  we  found  none  in  Dorset,  and  only  one 
example  at  ScratchelFs  Bay.  It  ranges  throughout  the  White 
Chalk,  including  Norwich  and  Trimingham,  the  one  exception 
being  the  mucronata-chMi  of  Salisbury. 

Plicatula  cf.  barroisi  was  represented  by  a  single  example  of 
small  size  from  ScratchelFs  Bay.  A  similar  small  form,  which 
we  are  unable  to  separate  from  this  species,  is  found  in  great 
abundance  at  this  horizon  at  Salisbury,  and  to  a  less  extent  in 
the  quadratuS'Zorvt, 

Lima  granulata  here  reaches  its  maximum  development, 
both  in  number  and  size,  though  it  never  attains  the  proportions 
of  those  found  at  Norwich  and  Trimingham.  It  ranges  up  from 
the  zone  of  Micraster  cor-testudinarium^  but  it  is  only  in  the 
mucronata'C\\2Xk  that  it  assumes  zonal  importance.  Dr.  Blackmore 
does  not  find  it  below  the  Micraster  cor-anguinum^zone  at 
Salisbury,  and  Mr.  Griffith  does  not  record  it  in  Hampshire. 

Among  the  rarer  lamellibranchs  we  found  two  broken  examples 
of  Pteria  {Avicuia)  coerukscens  (Nilsson),  which  we  have  not 
hitherto  recorded  for  the  English  coast,  though  we  have  found 
it  in  three  other  localities.  The  range  as  at  present  known  is  the 
UintacrinuS'hssid  of  Margate,  the  quadratus-chiWi  of  Salisbury, 
and  the  mucronata-zone  of  Salisbury,  Norwich,  and  Trimingham, 
This  hitherto  little-known  species  is  admirably  figured  and  described 
by  Mr.  Woods  in  his  monograph  on  the  "  Cretaceous  Lamelli- 
branchia,"  Vol.  ii,  Part  ii,  p.  67,  PI.  ix,  figs.  13-16,  17a,  b, 
18,  19a,  b. 

Of  the  corals  Ccelosmilia  laxa  is  the  dominant  form, 
Proc.  Geol.  Assoc.  Vol.  XX,  Part  4,  1908.]  23 
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and  it  is  often  of  large  size,  though  it  never  reaches  the 
dimensions  of  the  magnificent  ejcamples  of  Norwich  and 
Trimingham.  It  is  found  at  the  same  horizon  at  Salisbury.  We 
also  collected  Parasmilia  centralis  and  Axogasfer  cretacea. 
Stephanophyllia  mtckelim,  which  we  found  at  Ballard  Head,  has 
no  place  in  our  list  here,  but  it  is  is  by  no  means  rare  at  Norwich. 

Cirripedes,  u«5ually  so  well  represented  in  the  zone,  were  exem- 
plified by  Scalpellum  maximum  alone.  Pyrgoma  cretacea^  Scalpel- 
lumfossula  and  Pollicipes  fallax  were  all  collected  in  Dorset  and 
at  Norwich,  but  have  not  yet  been  found  in  the  Isle  of  Wight 

Bryozoa  are  here  strongly  represented,  and  the  chief  forms 
which  catch  the  eye  are  Eschara '  acis^  Semieschara  arlforea, 
Semieschara  woodsi,  Vincularia  santonensis^  Vincularia  bella^  and 
Porina  filiformis.  All  these  forms,  with  the  exception  of  Eschara 
ads  and  Vincularia  santonensis,  are,  in  the  Island,  mainly  restricted 
to  the  zone  under  discussion.  Unquestionably  the  most  useful 
form  in  the  field  is  Porina  filiformis  ^  which  occurs  in  such  profusion 
that  we  have  found  it  in  not  a  few  of  the  barren  quarries  of  the 
Chalk  Ridge.  Curiously  enough,  Porina filo^ana^  which  was  so 
common  and  distinctive  a  form  on  the  Dorset  Coast,  is  compara- 
tively rare  here,  though  Mr.  Brydone  found  it  more  abundantly 
than  we  did.  The  same  remark,  even  in  a  greater  degree,  applies 
to  the  massive  undetermined  species  of  Heteropora  which  we 
alluded  to  as  being  common  at  Ballard  Head  and  Studland  Bay. 
All  the  other  forms  which  we  have  mentioned  are  common  at 
ScratchelFs  Bay,  Alum  Bay  and  Whitecliff,  Vincularia  santonensis 
and  the  two  species  of  Semieschara  being  particularly  abundant. 
Eschara  acis^  E.  galeata^  E,  lamarch\  and  E.  stigmatophora  (?)  are 
all  strongly  represented. 

We  are  indebted  to  Mr.  Brydone  for  valuable  assistance  in 
identifying  these  beautiful  forms. 

In  no  other  zone  does  Serpula  assume  so  high  a  degree 
of  importance.  We  have  to  go  back  to  Serpu'a  avita  of  the 
Rynchoneila  cuvieri-zone  to  find  another  Serpula  restricted  to 
one  horizon.  This  most  distinctive  species  is  von  Hagenow's 
Serpula  canteriata,  a  smooth,  obtusely  pentangular  form  growing 
in  the  shape  of  an  open  whorl,  after  the  fashion  of  Crioceras, 
The  ornamentation  figured  by  von  Hagenow  seems  to  be 
rarely  preserved.  This  species  is  found  at  Norwich,  Trimingham, 
and  Salisbury.  Serpula  turbinella  is  larger  and  more  abundant 
than  in  any  other  zone.  Our  lowest  record  for  this  species 
is  a  single  example  in  the  Micraster  cor-testudinarium-zone,  and  it 
increases  in  size  and  number  as  we  ascend  the  zone.  Serpula 
pusilla,  figured  by  Sowerby  from  the  Norwich  Chalk,  is  another 
new  record,  for  we  obtained  three  examples  from  ScratchelPs  Bay. 
The  most  difficult  form  to  determine,  however,  is  a  free-growing 
Serpula  with  six  or  seven  sharp  angles  and  V-shaped  markings  on 
the  flat  inter-an^ular  surfaces.     In  the  Isle  of  Wight  it  is  invariably 
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heptagonal,  while  in  Dorset  it  is  almost  as  invariably  hexagonal. 
We  had  the  good  fortune  to  find  one  perfect  example  at 
Scratchell's  Bay  which  differs  from  all  other  species  which  we  have 
found  in  that  it  has  a  base  of  attachment  like  a  Parasmilia.  The 
example  in  question  is  33  mm.  long  and  4  mm.  broad  in  the 
thickest  part,  bow-shaped,  free  of  annular  lines  of  growth,  and 
with  the  angulations  becoming  more  obtuse  towards  the  rather 
contracted  mouth.  Whether  the  other  examples  were  attached 
in  the  same  way  we  know  not,  as  they  were  all  fragmentary. 
The  only  figure  which  is  in  any  way  suggestive  of  this  form  is  that 
given  by  Goldfuss  in  the  "  Petrefacta "  as  Serpula  sexangularis, 
Miinster.  The  example  figured  is  imperfect  towards  the  base, 
so  we  cannot  tell  if  it  in  that  respect  resembled  our  specimen. 
Serpula  fluduata^  both  here  and  at  Salisbury,  reaches  a  size  and 
degree  of  ornamentation  seen  in  no  other  zone,  and  is  qu.te  the 
handsomest  of  the  larger  Serpulae  found  in  the  White  Chalk. 
In  this  zone  the  flat  spaces  between  the  strong,  wavy  ridges  are 
beautifully  ornamented  by  horizontal  markings,  and  this  is  a 
feature  which  we  have  seen  at  no  other  horizon. 

Porosphara  here  reaches  an  unexampled  abundance,  and  all 
five  species  are  well  represented,  Porosphara  globularis  and 
Porosphctra  nuciformis  being  the  dominant  forms.  On  the 
air-weathered  fallen  blocks  at  Scratchell's  Bay  one  can  collect 
them  by  the  hundred.  The  flat,  cushion-shaped  variety  of  the 
former  seems  to  be  hardly  so  common  as  in  Dorset,  while  in  the 
case  of  the  latter  the  largest  and  most  strongly  grooved  forms 
come  from  the  Island.  Porosphara  piieoius,  though  fairly 
common,  is  notably  smaller  and  rarer  than  in  the  zone  immediately 
below. 

As  in  Dorset,  Ltptophragma  murchisoni  and  Aphrocallistes  are 
the  most  characteristic  sponges  preserved  in  iron-oxide,  the  latter 
being  from  its  restriction  to  this  horizon  a  reliable  guide-fossil 
in  the  field.  Ventriculites  radiatus,  though  abundant  here,  in  no 
way  rivals  the  size  and  abundance  with  which  it  occurs  on  the 
Norfolk  coast,  where  it  is  quite  a  feature  of  the  zone.  The 
belemnites  are  often  bored  by  Cliona  and  Talpina. 

Vertebrate  remains  are  represented  by  Lamna  appendiculata 
and  Oxyrhina  mantelli. 

In  this  zone  we  obtained  our  largest  list,  amounting  to  105 
species — ^a  list  which  could  be  greatly  extended  by  anyone  who 
had  more  time  at  his  disposal  than  we  had  in  our  brief  visits  to 
the  sections. 

CONCLUSION. 

The  only  part  of  the  English  coast  which  we  have  excluded 
from  our  series  is  that  which  embraces  the  small  and  interrupted 
sections  at  Weybourn,  Sherringham,  Cromer  and  Trimingham  on 
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the  Norfolk  coast.  It  is  only  men  like  Mr.  Clement  Reid  and 
Mr.  R.  M.  Brydone*  who,  by  devoting  time  to  watch  the 
ever-varying  reef  exposures,  can  hope  to  elucidate  that 
problem,  and  Mr.  Brydone  has  done  it  so  ably  and  in  such 
detail  that  we  are  content  to  leave  the  task  in  his  hands.  When 
we  publish  "The  Inland  Chalk  of  Norfolk"  we  shall  include 
in  that  work  such  remarks  on  the  coast  as  appear  to  us  to  be 
necessary. 

With  the  completion  of  our  survey  of  the  Isle  of  Wight  we 
bring  to  a  close  the  series  of  papers  entitled  "  The  Zones  of  the 
White  Chalk  of  the  English  Coast,"  a  position  which  leaves  us 
with  mingled  feeling  of  satisfaction  and  regret — of  satisfaction 
that  a  work  which  by  reason  of  its  very  length  had  become 
exacting  and  oppressive  is  at  an  end ;  and  of  regret  that  there  is 
no  longer  the  mystery  of  a  Dorset,  a  Yorkshire,  or  even  of  an 
Isle  of  Wight  to  unravel.  Indeed,  a  task  of  such  magnitude 
should  only  have  been  essayed  by  one  with  abundant  leisure. 
The  brief  holidays  snatched  from  an  over-busy  professional  life 
have,  during  the  past  twelve  years,  been  given  up  unreservedly 
to  this  quest;  and  as  not  only  all  the  field-work,  but  all  the 
writing  has  had  to  be  done  in  these  vacations,  away  from  library 
and  museum,  it  would  be  little  wonder  if  many  mistakes  had 
crept  into  the  work,  and  that  holidays  as  means  of  rest  and 
recreation  had  failed  in  their  object.  Whatever  the  faults  of  this 
extended  survey  may  be,  either  from  insufficiency  of  time,  care 
and  experience,  or  from  hasty  deduction,  certainly  lack  of 
material  cannot  be  adduced  as  an  excuse.  During  the  past 
twenty  years,  while  the  work  has  been  in  the  stages  either  of 
anticipation  or  active  progress,  we  have  collected  considerably 
over  30,000  fossils  from  the  White  Chalk,  to  the  end  that  the 
various  genera  and  species  could  be  studied  as  a  vast  zonal  fades 
and  not  as  isolated  individuals.  As,  moreover,  there  is  not  one 
of  these  fossils  which  is  not  accurately  zoned  and  localised,  the 
collection  will  in  the  future  be  of  high  value  to  those  who  wish  to 
study  genera  and  species  in  bulk,  unharassed  by  an  uncertainty 
bred  of  the  now  traditional  museum  label  bearing  as  its  legend 
"  Chalk :  South  of  England." 

Our  work  has  evoked  criticism  and  even  condemnation  by 
reason  of  the  fact  that  we  have  not  detailed  cliff  and  quarry 
sections  drawn  to  scale,  and  crowded  with  meaningless  litho- 
logical  detail,  which  is  generally  not  the  same  in  the  next  bay,  or 
in  a  quarry  a  few  hundred  yards  farther  on.  When  this  wealth  of 
lithological  detail  is  coupled  with  such  illuminating  zonal  indica- 
tions as  Micraster^  Echinocorys^  Inoceratnus^  coral,  and  the  like, 
we  feel  that  such  a  course  is  more  honoured  in  the  breach  than 
in  the  observance.     In  a  word,  these  details,  though  dear  to  the 

*  R.  M.  Brydone,  '*The  Straligraphy  and  Fauna  of  the  Trimingham  Chalk,"  8to, 
London,  1900;  Gtol,  Mag,^  1906,  pp.  13  et  s$q. 
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heart  of  the  arm-chair  geologist,  are,  by  reason  of  their  evei 
changing  nature,  often  actually  misleading  to  the  worker  in  the 
field. 

However,  whatever  the  limitation  of  the  work  may  be,  it  is 
frankly  zonal,  and  therefore  zoological.  The  keynote  to  the 
whole  series  was  given  by  the  publication  in  1899  of  "  An  Analysis 
of  the  Genus  Micrasier^^*  before  the  stratigraphical  element  was 
introduced.  The  desire  has  been  to  show  that  not  only  is  the 
zonal  theory  correct,  in  that  at  certain  indeterminate  levels  of 
the  Chalk  there  exist  fossils  which  are  either  rigidly  restricted  to 
each  particular  zone,  or  certain  groups  of  guide-fossils  which, 
though  not  so  restricted,  are  by  their  association  equally 
characteristic  of  horizon  ;  but  that  certain  fossils  vary  so  markedly 
in  shape  and  other  essential  features,  as  they  range  from  a  lower 
to  a  higher  level,  that  we  can  assign  these  shape-variations  with 
unerring  certainty  each  to  their  particular  zone.  Another 
element  of  interest  has  been  the  attempt  to  trace  the  almost 
equally  instructive  variation  in  horizontal  distribution,  and  as  our 
area  of  observation  has  widened  so  has  the  fascination  of  the 
problem  increased. 

It  is  only  in  a  deep-sea  deposit  like  the  Chalk,  with  slow, 
placid,  and  uninterrupted  sedimentation  taking  place  over  vast 
periods  of  time,  that  we  can  reasonably  hope  to  follow  out  every 
stage  in  the  unbroken  continuity  of  the  evolution  of  a  genus,  or 
the  equally  interesting  zonal  variation  of  a  species  ;  and  if  "  The 
White  Chalk  of  the  English  Coast,"  has  in  any  way  brought 
forward  new  facts  contributing  to  the  study  of  the  evolution  of 
fossil  forms,  we  feel  that  our  labour  will  not  have  been  in  vain. 

We  know  that  it  is  only  by  amassing  a  vast  zonal  collection  of 
the  more  important  guide-fossils  that  we  can  attempt  to  educe 
any  effective  generalisation  from  the  standpoint  of  evolution.  To 
this  end  we  have  rigidly  excluded  from  our  collection  every  fossil, 
however  perfect  its  condition,  where  the  derivation  was  in  the 
least  degree  uncertain.  In  our  eyes  a  damaged  fossil  from  a 
definite  horizon  is  of  more  value  than  the  fairest  fossil  from  the 
"  South  of  England."  By  collecting  in  this  exclusive  spirit  we 
find  that,  not  only  do  such  groups  as  the  echinids,  belemnites, 
brachiopods,  and  lamellibranchs  yield  us  results  fertile  in 
deduction,  but  that  almost  equally  useful  conclusions  may  be 
drawn  from  such  unexpected  sources  as  the  bryozoa,  corals, 
serpulae  and  sponges.  Indeed,  there  is  hardly  a  group  which,  if 
handled  in  sufficient  numbers,  cannot  be  made  to  tell  its  own 
part  in  the  great  story  of  evolution  in  the  times  of  the  old 
Chalk  Sea.  The  patient  labour  of  men  like  Mr.  S.  S.  Buckman 
and  the  late  Mr.  J.  F.  Walker  is  bearing  its  results,  and  as  more 
observers  are  enlisted  to  work  on  the  same  lines,  so  will  the 
broadness  of  our  deductions  be  increased. 

♦  Quart,  Journ,  Geol,  Soc,  vol.  Iv,  p.  494. 
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The  importance  of  this  contention  received  its  due 
recognition  in  the  pronouncement  of  Dr.  J.  E.  Marr,  in  his 
presidential  address  to  the  Geological  Society  in  1905,  when 
he  observed :  "  Turning  now  to  mutations,  where  the  varieties 
which  succeed  each  other  are  closely  related  genetically, 
we  have  to  consider  the  necessity  for  very  careful  study  in 
distinguishing  one  mutation  from  another,  as  proved  by  recent 
work.  In  the  early  days  of  palaeontological  investigation,  the 
characters  utilised  for  the  purpose  of  separating  varieties  were 
sufficiently  obvious  to  be  detected  in  single  specimens,  and  the 
minute  variations  which  have  in  some  cases  been  found  to  mark 
off  mutations  from  each  other,  were  unknown.  The  researches 
of  Mr.  W.  Bateson  on  the  forms  of  Cardium  in  the  Aralo- 
Caspian  basin,  and  of  Dr.  A.  W.  Rowe  on  the  variations  of 
Micraster  at  different  horizons,  have  proved  the  value  of  dealing 
with  suites  of  specimens  of  each  mutation,  and  subjecting, them 
to  minute  and  accurate  measurement.  It  is  obvious  that  much 
work  of  a  similar  nature  remains  to  be  accomplished  in  the  case 
of  other  fossil  forms ;  and  those  who  follow  Dr.  Rowe's  line  of 
research  will  naturally  undertake  the  study  of  forms  which  are 
preserved  in  sufficient  numbers  in  the  fossil  state.  This  cannot 
be  done  by  the  examination  of  museum  specimens ;  but 
specialists  in  the  different  groups  of  organisms  must,  as  Dr. 
Rowe  has  done,  obtain  the  specimens  for  themselves  from  the 
rocks  in  which  they  are  entombed."* 

The  practical  value  of  the  advice  given  by  Dr.  Marr  in  the 
last  sentence  cannot  be  exaggerated.  Our  own  views  on 
this  point  were  set  forth  in  "  An  Analysis  of  the  Genus  Micraster^'' 
p.  497,  in  1899,  where  we  suggest  that  "if  the  r61e  of  the  field- 
worker  and  the  study-worker  had  been  more  frequently  combined 
in  the  same  individual  we  should  have  had  fewer  unreliable 
species."  Suffice  it  to  say  that  along  the  lines  of  rigid  and 
extensive  zonal  collecting  much  of  the  future  success  in  the  study 
of  evolution  must  be  sought 

It  now  only  remains  to  thank  those  who  have  assisted  us  so 
materially  in  the  production  of  the  present  paper.  It  is  a  source 
of  great  satisfaction  that  these  pages  have  once  more  been 
rendered  beautiful  and  intelligible  by  Professor  H.  E.  Armstrong's 
fine  photographs.  Baffling  atmospheric  conditions  have 
necessitated  many  visits  and  the  expenditure  of  much  time  and 
trouble,  thereby  making  our  debt  of  gratitude  all  the  greater. 

To  Mr.  Ernest  Westlake  is  due  all  the  credit  for  taking  the 
measurements  throughout  the  Island,  as  our  task  merely  consisted 
in  fixing  the  zonal  junctions.  The  measurements  occupied 
several  weeks  and  were  made  w  ith  such  scrupulous  care  that  we 
unreservedly  accept  them  as  correct.  It  would  be  difficult  to 
exaggerate  our  obligation   to  Mr.  Westlake   in   this  important 

•  Quart,  Joum.  G$ol,  Soc,  vol.  1x1,  p.  IxxvL 
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particular,  for  not  only  were  the  measurements  worked  out  by 
an  experienced  observer,  but  we  were  thereby  freed  to  devote 
ourselves  to  the  increase  of  our  otherwise  meagre  lists. 

Dr.  G.  T.  Prior  has  kindly  contributed  a  note  on  the  white 
siliceous  nodules  (see  p.  289). 

We  are  much  indebted  to  Professor  J.  W.  Gregory  for  his 
kindness  in  publishing  a  preliminary  note  on  and  diagnosis  of  the 
beautiful  little  bryozoon,  which  he  has  described  in  his  forth- 
coming British  Museum  Catalogue  of  Bryozoa  under  the  name 
of  Bicavea  rotaformis.  This  fossil  is  so  abundant  at  its  particular 
horizon  in  the  Island  and  of  such  high  zonal  interest  that  we  were 
particularly  anxious  to  be  able  to  quote  it,  and  this,  through 
Professor  Gregory's  kindness,  we  have  now  been  enabled  to  do. 
A  reference  to  this  fossil  will  be  found  on  p.  220  of  this  paper. 

To  Dr.  F.  A.  Bather,  Dr.  H.  P.  Blackmore,  Mr.  R.  M. 
Brydone,  General  C.  F.  Cockburn,  Mr.  G.  C.  Crick,  Mr.  G.  E. 
Dibley,  Mr.  C.  Griffith,  Mr.  Herries,  Dr.  F.  L.  Kitchin, 
Mr.  W.  D.  Lang,  Mr.  W.  K.  Spencer,  Mr.  H.  J.  Osborne  White 
and  Mr.  H.  Woods  we  desire  to  express  our  gratitude  for  much 
help  and  information  given  in  a  manner  so  generous  that  the 
debt  is  but  an  added  pleasure.  One  of  the  features  of  palaeonto- 
logical  work  in  the  present  day  is  the  ungrudging  assistance  given 
by  workers  in  the  same  field,  and  it  is  only  just  to  say  that  much 
of  the  pal3eontology  in  this  paper  would  have  been  lacking  in 
point  and  accuracy  without  the  unselfish  co-operation  of  the 
above-mentioned  geologists.  Nor  would  we  forget  the  friendly 
interest  in  the  work  shown  by  those  residing  in  the  Island,  for 
the  help  given  by  Professor  John  Milne  of  Shide,  Dr.  R.  C. 
Brown  of  H.M.  Prison,  Parkhurst,  and  the  late  Dr.  Joseph  Groves 
of  Carisbrooke  will  always  be  remembered  with  gratitude.  By 
none  was  the  publication  of  the  paper  awaited  with  keener 
anticipation  than  by  Dr.  Groves,  and  we  can  only  deplore  the  all 
too  early  death  which  cut  short  the  career  of  one  whose  mind 
was  an  inexhaustible  storehouse  of  scientific  fact  and  local  lore. 

But  above  all  we  would  tender  our  heartful  thanks  to  that 
best  and  most  unselfish  of  friends,  Charles  Davies  Sherborn,  for 
his  loyal  and  unremitting  labour,  not  only  in  connection  with  the 
present  paper  but  with  the  whole  series.  While  not  a  little  of 
the  work  on  this  coast  series  had  been  done  before  Mr.  Sherborn 
joined  us  in  the  field,  it  had  been  done  merely  for  the  personal 
pleasure  and  satisfaction  of  working  out  a  zoological  problem, 
and  it  is  only  fair  to  say  that,  but  for  his  friendly  insistence  and 
generous  help,  not  a  single  word  of  the  series  would  ever  have 
been  published.  It  falls  to  few  to  have  so  good  a  friend,  and  we 
take  peculiar  pleasure  in  giving  expression  to  an  obligation  which 
is  as  profound  as  it  is  sincere. 

It  is  only  those  who  have  critically  examined  the  Chalk  Ridge 
in  the  Isle  of  Wight  who  can  adequately  appreciate  the  difficulties 
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encountered  and  surmounted  in  Mr.  Sherbom's  admirable  maps 
which  accompany  this  paper.  We  were  told  by  those  high  in 
authority  that  we  might  possibly  be  able  to  zone  the  coast,  but  that 
in  the  Chalk  Ridge  we  should  find  our  Waterloo.  The  map  is 
an  answer  to  that  challenge.  It  is  certainly  the  most  valuable 
part  of  the  paper,  as  it  shows  the  position  of  every  zone  at  a 
glance,  both  in  the  quarries  and  on  the  coast.  It  is,  indeed,  a 
fitting  termination  to  Mr.  Sherborn's  association  with  the  "  Zones 
of  the  White  Chalk  of  the  English  Coast." 

We  have  followed  the  course  adopted  in  the  other  divisions  of 
this  series  of  papers  in  not  including  the  Bryozoa  and  other 
microzoa  in  our  tabular  list  of  fossils  at  the  end  of  this  paper.  It 
is  not  that  we  consider  them  as  lacking  in  value  in  the  field,  for, 
indeed,  the  reverse  is  the  case,  but  simply  to  preserve  the  uni- 
formity of  the  series.  Such  of  the  microzoa  as  are  of  value  in 
the  field  will  be  found  to  have  received  their  due  recognition  in 
the  text.  Por  the  same  reason  we  have  allowed  certain  fossils, 
the  names  of  which  we  know  to  be  incorrect,  to  remain  unaltered 
in  the  present  paper.  As  instances  in  point  we  would  dte  Tere- 
bratulina  gracilis  and  the  genus  Echinoconus, 

Finally,  at  the  risk  of  unduly  extending  the  scope  of  an  already 
lengthy  paper,  we  have  included  in  our  Zoological  Summary 
much  information  concerning  fossils  in  districts  other  than  the 
Isle  of  Wight.  We  in  no  way  regret  this  course,  believing  that  it 
will  enhance  the  usefulness  of  the  paper  in  the  eyes  of  those  whose 
opportunity  for  extended  field-work  has  not  been  so  great  as  our 
own.  In  addition,  we  feel  that  in  the  final  paper  of  this  series  a 
fitting  occasion  presents  itself  for  giving  a  general  summary  of  our 
information  concerninej  the  more  important  of  the  guide-fossils  of 
the  White  Chalk. 

We  have  been  at  some  pains  to  compile  a  table  of  contents 
which  shall  be  at  the  same  time  concise  and  illustrative  of  the 
chief  geographical  divisions  described  in  the  paper.  By  a 
judicious  use  of  different  type  we  believe  that  the  more  salient 
head-lines  will  at  once  catch  the  eye. 

NOTES  ON  THE  PLATES. 

Plate  VII  I.— Compton  Bay  from  the  West.  The  range  given  is  from 
the  Wealden  to  the  zone  of  Mkr aster  cor'testudmarium.  The  Tatt.T  zone  can 
only  be  worked  from  fallen  blocks. 

Plate  IX.— Eastern  side  of  Freshwater  Bay,  showing  the  Arched 
Rock,  the  Stag  Rock,  and  the  truncated  end  of  the  old  road  which  used  to 
skirt  the  bay  until  the  sea  cut  its  way  behind  it.  The  range  shown  is  from 
the  zone  of  Nolaster  planus  to  that  of  Aainocawax  guadratus, 

Plate  X.— Western  side  of  Freshwater  Bay,  with  High  Down 
CLIFFS,  showing  Tennyson's  Monument,  Oldpepper  Rock,  New  Ditch  Point, 
Black  Rock,  and  East  High  Down.  The  range  in  Freshwater  Bay  is  from 
the  zone  of  Nolaster  planus  to  that  of  Micraster  cor-anguinum  ;  while  the 
High  Down  cliffs  give  a  range  from  the  zone  of  Rhynckonella.  cMvieri  to  the 
Uintacrinus-  ban  d. 
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Plate  XI. — ^Eastern  side  of  Watcombe  Bay,  giving  a  range  from 
the  zone  of  Holasttr  planus  to  that  of  MicrasUr  cor-auguinum.  This  is  the 
only  accessible  section  of  the  Micraster  cor-Ustudinarium-ZQW^  in  the  Island 
and  it  is  excellently  exposed. 

Plate  XII.— The  eastern  side  of  Scratchell's  Bay, showing  the 
Grand  Arch,  Sun  Corner,  and  the  palisade  at  top  of  the  cliff.  The  crowding  of 
the  flint  courses  is  well  brought  out  in  the  surface  above  the  grass  slope.  The 
zonal  detail  is  given  on  PI.  XIV,  but  this  picture  gives  a  range  from  the  zone 
of  MicrasUr  cor-Ustudmariun  to  that  of  Actittocamax  quadratus^  the  fall  in  the 
foreground  being  in  the  latter  zone  The  palisade  at  the  top  of  the  cliff 
coincides  fairly  closely  witti  the  base  of  the  same  zone. 

Plate  XIII. — The  western  side  of  Scratchell's  Bay,  with  the 
Needles,  giving  a  range  from  the  AfarsufiiUs-bsind  to  the  zone  of  BfUmniUUa 
mucronata.  The  Needles  are  cut  in  the  chalk  of  the  latter  zone,  which  begins 
on  the  eastern  edge  of  the  great  fall  at  the  farther  end  of  the  bay.  The  fall 
in  the  foreground  is  in  quaaratus-chM., 

Plate  XIV. — General  view  of  Alum  Bay  and  Scratchell's 
Bay  taken  from  a  rock  on  the  landward  side  of  the  third  Needle.  The  Grand 
Arch,  the  two  shoreward  Needles,  and  the  junction  of  the  vertical  mucronata- 
chalk  with  the  vertical  Tertiaries  in  Alum  Bay  are  well  shown.  Note  the 
manner  in  which  the  chalk  in  Alum  Bay  is  cut  along  the  bedding-planes. 
Range  from  zone  of  MicrasUr  cor-Usludinarium  to  the  Tertiaries. 

Plate  XV.— Alum  Bay,  with  eroded  vertical  mucronaia-CH alk 

IN  CONTACT  WITH  THE  VERTICAL  TERTIARIES.  The  contact  with  the 
plastic  clay  in  the  middle  of  the  picture,  the  channelling  of  the  clay  by  rain 
on  the  extreme  right,  and  the  clay  "glacier"  in  the  foreground  are  well 
brought  out. 

Plate  XVI. — ^Alum  Bay.  Detail  of  eroded  mucronaia-CHALK  at 
THE  JUNCTION  WITH  THE  PLASTIC  CLAY.  The  position  of  the  chalk  from 
which  this  picture  was  taken  is  shown  on  PI.  XV. 

Plate  XVII.— The  southern  cliff  of  the  Culver  from  Sandown 
Bay,  giving  a  range  from  the  Greensand  to  the  zone  of  MicrasUr  cor- 
anguinum.  The  path  to  the  shore  is  in  the  gap  between  the  dark  and  light 
portions  of  the  cliff.  The  white  mass  on  the  top  of  the  cliff  indicates  the 
chalk  heap  from  the  foundations  of  the  Marconigraph  station,  where  we  found 
plates  of  MarsupiUs, 

Plate  XVIII. — General  View  of  the  Culver,  showing  the  Eastern 
cliff  and  the  Whitecliff  proper,  together  with  the  White  Horse,  the  belt  of 
Aimless  chalk  and  the  nodule-beds,  and  the  fall  in  mwcrtma/t? -chalk.  It  will 
be  seen  that  the  Whitecliff  face  is  cut  along  the  bedding-planes  as  in  Alum 
Bay.  The  dark  discolouration  in  the  centre  of  the  picture  is  due  to  the  chalk 
being  stained  by  a  red  Protocaccus  slime,  caused  by  the  constant  dripping  of 
water  from  face  of  the  cliff.  Range  from  the  zone  of  MicrasUr  cor-anguinum 
to  the  Tertiaries. 

Plate  XIX. — Position  of  the  Belt  of  Flintless  Chalk  and  of 
the  Nodule-Beds  in  the  Eastern  cliff  of  the  Culver.  The  discolouration  of 
the  chalk  is  due  to  the  red  Protococius  slime.  Range  from  the  zone  of  MicrasUr 
cor-anguinum  to  that  of  Actinocamax  quadralus.  The  nodule-beds  are  num- 
bered from  below  upwards  on  the  key-plate. 

Plate  XX.— The  Nostrils.  Culver  Cliff,  with  part  of  the  projecting 
cliff  called  the  White  Horse.  The  latter  is  in  the  zone  of  Micraster  cor-anguinum^ 
and  the  remainder  of  the  cliff  on  the  left  in  the  zone  of  Micraster  cor-Ushi- 
dinartumy  the  junction  of  the  two  zones  being  fixed  at  a  strong  tabular  flint- 
band  at  the  point  where  the  White  Horse  joins  the  northern  Nostril.  In  the 
roof  of  the  southern  Nostril  is  found  the  bed  of  Membranipora  mentioned  in 
the  text. 
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Plate  XXI. — View  from  East  High  Down  to  Afton  Down,  showing 
the  position  of  the  Chalk  Ridge,  and  its  relationship  to  the  White  Chalk  on 
the  south  and  the  Tertiaries  on  the  north.  Note  the  position  of  Pits  No.  i 
and  No.  2  in  mucronata-cYizWn  and  their  relation  to  the  quadratus-zone  in 
Freshwater  Bay.  There  is  no  spot  in  the  whole  island  which  so  graphically 
illustrates  the  structure  of  the  land.  The  picture  also  indicates  the  extremely 
feeble  barrier  which  now  exists  between  the  inroads  of  the  sea  and  the  river 
Yar,  which  rises  only  a  few  yards  from  the  beach.  Once  this  barrier  is 
breached,  the  Island  is  cut  in  two.  The  position  of  the  old  road  in  the  eastern 
cliff  of  Freshwater  Bay  shows  the  encroachment  of  the  sea  in  comparatively 
recent  tiroes. 

Plate  XXII.— Pit  No.  37  on  the  South  Side  of  Brading  Down, 
showing  the  "black  marl-band,"  the  "spurious  Chalk  Rock,"  and  the 
^*  Buavea-hed."  This  is  one  of  the  few  sections  in  the  Island  where  these 
three  features  can  be  shown  on  the  same  plate.  The  ends  of  the  measuring- 
rod  rest  on  1  he  two  former  features.  The  position  of  the  remarkable  while 
flints  which  occur  in  the  lowest  flint  course  in  the  Hoiaster  planus-zon^  is  also 
indicated.  The  "  grey  marl-band/'  which  divides  the  zones  of  Terekratuiina 
gracilis  and  Holaster planus  occurs  74  ft.  above  the  "  black  marl-band.'*  The 
remarkable  siliceous  nodules  are  not  seen  in  this  pit,  as  the  section  is  not  deep 
enough.  The  face  photographed  shows,  therefore,  only  the  two  zones  already 
mentioned  ;  but  the  front  of  the  pit  displays  the  zones  of  fJolaster  sub-globosus 
and  Rhynchonella  cuvieri.  This  quarry  gives  a  greater  zonal  range  than  any 
other  in  the  Island,  for  the  only  others  approaching  it  are  at  Pits  13,  S'  a"<i 
77,  and  they  do  not  embrace  the  Grey  Chalk. 

Plate  XXIII.— Pit  No,  77c,  Brighstone  Down,  showing  the  "black 
marl-band  "  and  the  "  spurious  Chalk  Rock."  The  "  grey  marl-band,"  ^\  ft. 
above  the  "  black  marl-band  "  divides  the  zones  of  Terthratultna  gracilis  and 
Holaster  planus^  and  is  situated  at  the  top  of  the  pit.  Only  these  two  zones 
are  exposed  here.  We  could  not  find  the  "  Bicavea'\i^dk "  in  this  pit,  as  the 
chalk  where  it  should  occur  was  too  obscured  by  vegetation. 


NOTE    ON    THE   MAPS    OF    THE    ISLE    OF    WIGHT 

WHICH    ACCOMPANY    THIS    PAPER,    AND    ON 

THE  PHYSIOGRAPHY  OF  THE  TERTIARY 

SEA-BOTTOM. 

By  C.  Davies  Sherborn,  Hon.  F.Z.S. 

During  the  nine  weeks  of  1904- 1906  spent  by  Dr.  Rowe  and 
myself  in  examining  the  White  Chalk  of  the  Isle  of  Wight  it 
became  apparent  that  the  preparation  of  a  large  scale  map  of  the 
Chalk  Ridge  would  not  only  be  essential  to  the  descriptive  part 
of  the  paper  but  would  be  of  more  value  to  the  student  than  a 
series  of  sections  of  different  localities.  And  for  this  reason, 
that  a  6-in.  map  enables  one  to  show  sufficient  detail  of  coast 
section  and  quarries,  particularly  where,  as  in  this  island,  the  beds 
are  more  or  less  vertical. 

To  the  unprofessional  geologist  like  myself  the  plotting  of 
the  vertical  beds  on  the  east  and  west  limbs  of  the  Chalk  area 
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presented  little  difficulty,  but  the  mapping  of  the  Central  area 
seemed  formidable,  especially  as  the  time  at  my  disposal  was 
quite  insufficient  to  allow  of  a  minute  and  careful  survey  of  the 
surface.  I  wish,  therefore,  to  record  here  the  assistance  received 
from  the  mapping  of  the  line  of  the  so-called  "  Chalk  Rock  " 
in  the  map  issued  by  the  Geological  Survey.  After  following 
that  line  over  the  Central  area  and  satisfying  myself  as  to  its 
substantial  accuracy  I  have  used  it  as  a  base  for  the  calculation 
of  the  zonal  limits,  which  have  themselves  been  defined  from  a 
careful  examination  of  the  various  pits  or  road-cuttings  now 
exposed.  And  I  have  the  pleasure  to  thank  my  friend,  Mr. 
Allen  Howe,  for  his  professional  help  and  suggestion  when 
drawing  the  zonal  lines. 

I  have  been  told  that  it  is  not  possible  to  show  on  the  one 
inch  to  one  mile  map  of  the  Geological  Survey  the  zonal  divisions 
of  the  Chalk.  In  my  opinion  this  is  nonsense.  It  is  even 
worth  pointing  out  that  Barrois  contrived  fairly  successfully  to 
show  the  zones  of  the  Chalk  on  a  scale  of  five  miles  to  one  inch 
so  long  ago  as  1876.  These  divisions  made  by  Barrois  thirty 
years  ago  might  quite  easily  have  been  verified  or  corrected  and 
added  to  our  maps. 

No  one  for  a  moment  can  state  positively  that  the  zonal  lines 
on  his  map  are  indisputable,  because  no  one  better  than  the 
zoologist  knows  the  impossibility  of  obtaining  zoological  junctions 
without  openings  from  which  to  obtain  his  evidence.  Such  zonal 
lines,  if  preferred,  can  be  put  in  by  means  of  dots,  although  even 
that  precaution  has  not  seemed  to  me  necessary  after  the  short 
time  spent  in  the  examination  of  the  Chalk  of  the  Isle  of  Wight. 
The  shifting  of  a  zonal  boundary  line  a  few  yards  north  or  south 
or  east  or  west  by  a  subsequent  observer  is  of  far  less  import  than 
the  omission  altogether  of  such  lines  from  a  geological  map. 

It  has  also  been  urged  that  such  palseozoological  knowledge  as 
is  needful  for  zonal  purposes  is  only  possible  after  years  of  study. 
This,  also,  is  nonsense.  With  the  exception  of  the  microzoa,  the 
Chalk  contains  scarcely  200  fossil  species.  Of  these,  less  than  fifty 
are  useful  as  zonal  guides,  and  it  cannot  be  held  that  more  than  a 
week's  study  is  needful  to  grasp  the  essential  features  of  structure  in 
so  small  a  number  of  forms.  The  same  remarks  apply  to  any  other 
formation  beside  the  Chalk,  so  far  as  the  percentage  of  fossils 
of  value  as  zonal  guides  is  concerned.  The  fact  is  that 
palseozoology  has  been  neglected  for  years  in  this  country,  and 
the  Geological  Surveyor  has  not  been  encouraged,  and  often  has 
not  had  the  knowledge,  to  collect  for  himself  the  zoological 
evidence  necessary  for  the  proper  interpretation  of  his  field- 
work. 

Equally  nonsensical  statements  have  been  made  as  to  the 
impossibility  of  zoning  pits.  We  refuted  them  in  the  Yorkshire 
paper,  they  have  been  disproved  by  all  the  amateurs  working  on 
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the  Chalk  of  late  years,  and  are  finally  exploded  in  this  present 
paper.  Naturally,  it  is  dangerous  to  zone  pits  without  a 
knowledge  of  the  fauna,  but,  with  that  knowledge,  half-an-hour 
should  enable  anyone  to  come  to  a  fairly  definite  conclusion  as 
to  the  position  in  the  series  of  the  beds  he  is  investigating. 

A  point  of  especial  interest  brought  out  by  the  present  survey 
is  the  evidence  as  to  the  physiography  of  the  sea-bottom  on 
which  the  lowest  Tertiary  beds  in  this  area  were  deposited. 
Although  it  has  been  known  for  years  that  extensive  denudation 
occurred  in  this  country  at  the  close  of  the  Cretaceous  period,it  has  not 
been  possible  till  now  to  show  a  section  of  the  Cretaceo-Tertiary 
junction  of  any  length.*  We  are  now  able  to  show  such  a  section 
twenty-one  miles  in  length,  and  to  show  it  with  sufficient  accuracy 
to  draw  the  conclusion  that  in  this  particular  area  the  later  con- 
ditions seem  to  point  to  subaerial  (and  consequent  washing) 
action  rather  than  to  a  plain  of  marine  denudation.  The  very 
striking  thickness  of  mucrona/a-chalk  left  at  intervals  of  the 
section  seems  to  mark  high  downs,  while  the  cuts  into  the 
^adratus-chalk  may  represent  the  remains  of  water-courses  in 
the  old  landscape.  As  the  chalk  sank  beneath  the  sea  all  super- 
ficial features  would  be  stripped  off. 

This  uneven  surface  of  the  bed  of  the  Plastic  Clay  sea  would, 
in  its  turn,  naturally  suggest  that  there  may  be  something  wrong 
with  the  mapped  thickness  of  the  Plastic  Clay  in  this  area.  It  is 
hardly  conceivable  that  so  uniform  a  thickness  of  clay  as  is  shown 
on  the  Geological  Survey  map,  could  have  been  laid  down  on  a 
sea-bottom  which  varied  in  depth  in  its  own  features,  from  500  ft. 
to  nothing,  within  a  distance  of  two  miles.  We  should  possibly 
find  that  the  Plastic  Clay  in  the  Isle  of  Wight  showed  a  great 
variation  in  thickness,  and  it  would  be  an  interesting  question  for 
some  geologist  to  take  up.  So  long  as  the  Chalk  is  unzoned 
such  a  source  of  error  is  quite  possible,  but  directly  the  zonal  age 
of  the  Chalk  is  determined,  suspicion  is  aroused  as  to  any  uniform 
thickness  of  the  lowest  Tertiary  deposit  being  possible  on  a  surface 
showing  hills  of  considerable  height. 

The  measured  thickness  of  Plastic  Clay  in  the  Isle  of  Wight 
is,  so  far  as  I  have  found  it  published  : 


Feet.^ 
Alum  Bay      ,        .      84 
Downend        .        .110 
Ashey    ...      92 
Brading  .         .     140 

WhitecliflF       .         .     163 


Mem.  Geo],  Surv.,  Isle 
of  Wight  (Sheet  10), 
1862,  p.  34 ;  do.,  do.i 
1889,  p.  95. 


These  are  in  themselves  suggestive,  but  not  extraordinary. 
A  series  of  measurements  from  Alum  Bay  to  Downend  should 
prove  of  much  interest. 

*  Messrs.  Treacher  and  White  have  made  some  valuable  observations  on  this  subject 
in  the  north  of  the  London  basin,  in  Proc.  GeoL  Assoc,  xiz  (9),  1906,  p.  395. 
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This  Map  of  the  Chalk  Ridge  of  the  Isle  of  Wight  has  been 
presented  in  eleven  somewhat  arbitrary  sections  on  six  sheets,  as 
it  seems  more  convenient  for  use  in  the  field,  and  less  likely  to 
tear  or  otherwise  damage  than  if  the  map  were  in  one  folded 
sheet.  The  eastern  and  western  limbs  of  the  Ridge  are  given  on 
the  scale  of  six  inches  to  one  mile,  while  the  central  area  is 
given  on  that  of  two  inches  to  one  mile. 

The  Chalk  of  the  southern  area  of  the  Island  does  not  come 
within  the  scope  of  this  paper,  as  it  is  mainly,  if  not  entirely, 
confined  to  those  beds  below  the  White  Chalk  beds,  with  which 
this  paper  does  not  deal. 

The  Index  provided  to  the  four  previous  papers  has  been  re- 
printed and  completed  so  as  to  include  references  to  this  fifth 
paper,  which  completes  our  survey  of  the  White  Chalk  of  the 
English  Coast. 
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LIST    OF     FOSSILS    from    the    WHITE    CHALK    OF    THE 
ISLE  OF  WIGHT. 

ABBREVIATIONS. 


B,  m.  B  Zone  of  Btiemnitella  mucronaia. 
A.  q.  =  Zone  of  Actinocmmax  qtuuiratus, 
M,  t.  =>  Zone  of  Marsupites  testudinarius, 
Af.  c.-m.   =  Zone  of  Micrtuttr  cor^-UMgui- 


M,  c.'t.   s=s    Zone   of    MicrmsUr  ctr-Ustm- 

H.  /.  =  Zone  of  HoUuter^lmitms, 

T.  g.  =  Zone  of  Ttrthviuh'iui.  grrndbs. 

R.  c.  —  Zone  of  RkynckontUm  cusitri. 


C.  common  ;   R.C.  rather  common ;   R.  rare ;  R.R.  rather  rare. 


Vtntriculitts  radiatus^  Mant.       

VtntriculiUs  imprissus^  T.  Smith 
Ventriculitis  dicurrens^  T.  Smith 
Ventriculites  mammilaris^  T.  Smith 

Ventriculites  cribosuSyVhxW 

Ventriculites  in/undibuliformisy  S.  Woodw 

Plocoscyphia  convolutay  T.  Smith 

Plocoscyphia  lahrosa^  T.  Smith.   ... 
Plocoscyphia  ci,/enestrata^  T.  Smith 

Camerospongia  aperta^  Hinde       

Cephalites  henettxa^  Mant.  

Craticularia  ftttoniy  Mant.  

Coscinofora  injundihuliformis^  Goldf. 

Leptophragma  murckisoni^  Goldf. , 

Guittardia  sUllata,  Mich.: 

Aphrocallistesy  sp 

Placotrema  cretaceum^  Hinde       , 

Cliona  cretacea^  Portl 

Dory  derma  ramosum,  Mant. 
Neterostinia  ohliqua,  Bcnctt 

Stphonia  kdnigi^  Nfant 

PlintAosella  compacia,  IVinde 
PlintAosella  squamosa,  Z\lit\ 
Pharetrcspongia  strahaniy  SoUas... 
Porosphar a  globular  is,  Phill. 
Porosphcera  nuciformis,  von  Hag. 
Porosphoera  pileolus ,  Ph  i  1 1 . 
Porosphcera  patelliformis ^  Hinde 
Porosphcera  arrecta,  Hinde 

Talpina  sp.,  von  Hag 

Spinopora  dtxoni^  Lonsd 

Cvlosmslia  laxa,  £.  and  H. 
Parasmilia  centralis,  Mant. 
Parasmilia  granulata,  Dune. 
Caryophyllui  cylindracea,  Rss.     ... 
Onchotrochus  serpentinus,  Dune. ... 
Stephanophyllw  bowerbankiy  E.  and  H. 
Micrabctcia  coronula,  Goldf. 
A  xogaster  cretacea^  Lonsd, 


B^ 

A,q 

M,  t 

M. 

'  C.'O. 

\Af. 
U,-t. 

f/.p. 
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B,m, 


A,f. 


Af.t. 


M. 
c-a. 


Af. 
c.-t. 


H.p.T.g. 


R.  c. 


C. 
R.R. 

R. 
R.C. 
R.C. 

C. 

R. 

R. 

C 
C. 

R. 


R. 
R.C. 


R.R. 


R.R. 


R.R. 
R.C. 
R. 


Serpulapkna  S.  Woodw.  

Serpula  pusiUiL,  Sby 

SerfnUa  grttHulata^  Shy 

Seffukomfiullacea^  Shy 

Serfmla  camUriaia^  y.  n2L,g.  

Serpu/8  sp.  (heptagonal)  

Strpuk  pemtangmlata^  S.  Woodw. 

SirpalaJluciMaia,  Sby 

StrpulactMcta^  Goldf.        

Strpula  macrapus^  Sby 

Serpula  tnia,  Sby.  

Serpnda  iurtinelia^  Sby. 

Strpula  ikum^  Goldf.         

Sirpula  pUxus^  Sby.         

Strpula  gardioHsvzx,  serpenimus^  Schlot. 
Strpuk  sp :  (adnate :  long  smooth  tube) 

SealptBum  maximum,  Sby.  

Polliapei  glabtr^  Roem 


Eckmxorys  icmiatusy  Leske  C.      C.     R.C. 

EcktMoemMS  coathts,  Ag R. 

EtMinoumus  vulgaris^  Lam R.R. 

Eckmoamms  aiSihgaltruSy  Lam.  ... 

Eckmocemus  gb&Mlus^  Desor         R 

Echmccomts  suBrotumdus^  Ag. 

Dhcoidta  dixomi^  Forbes 

Qardioiitr  pilbUa^  Lam R.R. 

CardiasUr pygmmus^  Forbes 

Cardiaster  crttacfU9,SoT\%,         

CardkaUr  ananei^iis^  Leike      

Holasttr  planus^  Mant 

Holoittr  piaunta^  ^ag,      

In/ulttsUr  rosiraiMS,  Forbes         

HtmiasUr  mmimus,  Ag 

Micr aster  corHmguinumy  Leske 

MkrasUr  cor-anguinum  var.  laHor^  Rowe 

UkroiUr  prcBcursoTy  Rowe  

Micrasttr  cor-UstttdtHarium^  Goldf. 

Uicrasttr  leskti,  Desm 

JdicrasUr  cor-AoviSj  Forbes  

E^asttr  giSSus,  Lam 

Cidaris  kirudo^  Sorig 

Cidaris  sctptrtfira^  MAnt,  

Cidaris perormUa,  Forbes  

Cidaris  cbnrigfra^KKmg 

Cidaris  suivtsiculosay  ^'Orb 

Ciiaris  strrifera^  Foroes 

Cidaris  strraUi,  DesoT     

Cidaris  pIerac€uttMa,  Ag. 

Saltma  granuiosa^  Forbes  

Sakaia  gtomatrica^  Ag 

Cypkosoma  Mihugiy  M2LDt 

Cypkosoma  coroilarg^  Klein  

Cyphosama  spcUuliferum^  Forbes 

Cypkosoma  radLiatum^  Sorig.        

Proc.  Geol.  Assoc.  Vol.  XX,  Part  4,  1908.] 


c. 


R.C. 


R.R. 
R.R. 


C. 


R.C. 

C. 

R.R. 
R. 
R. 
R. 
B. 


R 
R.R. 


R.R. 
R, 


R.R. 
C. 


R.C. 

R. 
R.C. 

R. 


C. 


R.R. 
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R.C. 


R. 

R. 

R. 
R.C. 
R.R. 

R. 


R. 

C. 

C 

R.C. 
R.C. 
R.R. 


K.R. 
R, 


R.R. 
R. 


R.C. 
C. 


C, 
R.C. 

R. 
R.C. 

C. 


R.C. 


R. 
R.R. 


R. 

R. 

R.R. 


C. 


R.C. 
R. 


K. 


C 
R.R. 


C. 

R. 
R.R. 
R.R. 

C. 
R.C. 

R. 
R.C. 


R.R. 


R. 


R. 

R.C. 


C. 


R.R. 
R. 


R.C 


R. 


R.C. 


R.R. 


R.R. 
R. 
R.C. 


R. 
R. 

R.R. 


C. 
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Opkiura  Sirrata^  Roem 

Aiarsupites  Ustudinarius^  Miller  ... 

Uimtacrinus  

Bourgtuticrmus  ellipticus^  Miller 
Ptntacrinus  agasstzi^  v.  Hag. 
Mttopaster parkinsonu  Forbes     ... 
Mttopaster  mantelli.  Forbes 
M*top<uter  uncatusy  Forbes 
Mitrasttr  hunteri^¥or\i6& 
hiiirasUr  rugatus^  Forbes 
Pmtaceros pisnlliftrus^  Forbes    ... 
Ptntaciros  octUatus^  Forbes 
Ptntaceros  bulbiferuSy  Forbes 

PfntacfTos  doy si ^  Forbes 

Ptntagonaster  mtgalopiax^  Sladen 
/^^cnastfr  angusiatus^  Forbes 

Rkynck<meUa  limbatUy  Schloth.   ... 
Rkvnchonefla  plicaHHs ,  Sby. 
Rhynchotulla  rudensiSy  Eth. 
RkynckimeUa  cuvitri,  d'Orb. 

Afagas  pumihis.  Sby 

Thicideum  voetktrelli^  Morris 
Thecidtum  cf.  virmkulart^  Schloth. 

Crania  parisietuis^  Defr 

Crania  tgnabfrgtnsis^  Retz. 
Crania  costata  G.  B.  Sby. 

Tertbratula  carma,  Sby 

Ttrtbratula  semiglobosay  Sby. 
Terebratuiina  striata^  Wahlen.   ... 
TeribraiulinaroweiyYAlchxTi 
Terebratuiina  gracilis  var.  lata^  Eth. 
Kingena  ttma^  Defr.  

Inoceramus  atvieri^  Sby 

/noceramus  sp 

Inoceramus  sp.* 

Inoceramus  lamarcki^  Park. 
J  noceramus  brongniartiy  Shy, 
Inoceramus  mytHaides^  Schfot.     ... 
Piicatula  stgiilina  Woodw. 

Piicatuia  barroisi  Peron 

Ostrea  vesicuiaris^  Lam 

Ostrea  lateralis^  Nilss 

Ostrea  kippopodium^  Ni Iss. 

Ostrea  semiptana^  S by 

Ostrea  normanianay  d'Orb. 
Ostrea  wegmanniana^  d'Orb. 

Oftrea  acutirostris,  Nilss 

Spondylus  spinosuSy  Sby 

^ondylus  iatus^  Sby 

Spondylus  dutempleanus,  d 'O rb.  ... 
iimagranuiota^^W^ 

•H.  Woods.   "MoUaaca  of  Chalk 
Pl.txvil,  Figs.  4,  15. 
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B.m. 

A,g, 

Af.t. 

M.  1  M. 

/^.>. 

7-.^. 

X.  c. 

Lima  cratacea^  Woods      

Lima  lUcussata^  Goldf 

Lima  mmtonensis.  Woods            

Lima  koperi,  Mant 

PecUn  guimqju-costatus^  Sby 

PecUn  cretosus,  Defr 

PecUm  campamenm,  d'Orb 

Pectenpexaius.y^wAs      

PiMria  (jiwculd)  cetruUscens^  Nilss. 

Septiftr  hm^aius,  Sby 

Tmdc  amphi5h€tna,  Goldf. 

RadialiUs  morioni,  Mant.            

AporrkoK  sp 

PUmroiomaria  perspectivay  Mant. 

BeUmgnUUa  mucronaia^  Schlot 

Acthufcamax  quadratus^  Blainv 

AcHnecamax  granuIatuSy  Blainv 

NomHIms  cf.  atlas,  Whitcaves      

A  fmmomiUs  p^ramplus, 'h\2iiil 

Aptyckus  porthckt,  Sharpe           

Osyrkina  manUUi,  Ag 

Lamna  appgmiicuJata^  Ag.            

Ptyckodus  mammillaris,  Ag 

R. 

R.C. 
R.C. 
R.R. 

R 

R.C. 

R. 

R. 
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R.C. 
R.R. 
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R. 
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R. 

R. 
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R. 
R. 

R. 
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R. 
R. 

R. 

R. 

R. 

R. 
R. 
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AN     INDEX 


"THE    ZONES    OF    THE    WHITE    CHALK    OP    THE 
ENGLISH    COAST." 

("PROC.    OEOL.  ASSOC,   XVI   <6).   1900;   XVII    (i),  igoi ;  XVIII  (i),  igjg; 
XVIII  (4).  X904;XX(4).  1908.) 

By    C    DAVIES    SHERBORN. 

IN  these  contributions  to  our  knowledge  of  the  White  Chalk 
many  observations  are  scattered  throughout  the  text,  which 
it  seems  desirable  to  bring  together  by  means  of  an  index. 

The  history  of  a  fossil  species  will  be  best  understood  by 
taking  the  references  backwards,  as  much  new  information  bom 
each  area  has  been  collected  and  presented  in  part  V  for  the  first 
time. 

The  pap)ers  are  referred  to  as  I  (Kent  and  Sussex);  II 
(Dorset) ;  III  (Devon) ;  IV  (Yorkshire) ;  and  V  (Isle  of  Wight). 


Ackland  Wold,  IV,  243. 

Actinocamax^  IV,  270. 

granulatus,  I,  297,  301,  334,  337, 

339,  343,  348,  366  ;  II,  13,  26,  35. 

49.  57,  58,  76 ;  IV,  2x8,  237,  239, 

251,261,296;  V,  284, 311, 339. 

(deformed),  IV,  251,  283. 

mtrceyi  (see  A,  granulatus), 

tUnus,  II,  49  ;  IV,  202  ;  V,  217, 

238,  260. 

zone,  I,  317,  321 ;  II»  6, 

8,  33  ;  IV.  202  ;  V,  217,  238,  260, 
262,  263,  274,  275. 

quadraius,  I,  334,  343  ;  H,  "- 

13,  27,  35,  57,  58.  76;  IV,  225, 

239,  360  ;  V,  230,  284,  311, 339. 
zone  (name  of,)   I,  345  ; 

IV,  261. 

zone,  I,  290,  330,  333, 334- 

335,  337,  339;  II,  ",  26,  30,  34, 
36,  41,  56, ;  IV,  225,  231,  259  ;  V, 
224.  230,  246,  254-256,  258,  264, 
266-268,  271,  279,  281,  283,  284, 
310. 

toucasiy  II,  49. 

Virus,  I,  299,  348,  366  ;  II,  49  ; 

IV,  251,262,296. 

westphalicKS,  II,  49  ;  IV,  272- 

274. 
Afton  Down,  V,  234,  254  (pi.  xxi)  ; 

military  road  over,  234. 
Alum  Bay,  V,  232  (pis.  xiv-xvi). 
Alum  Bay  House  Pit,  V,  253. 
Ammonites,  IV,  252,   267,   288;  V, 

308,311,315. 
caiiHus,  I,  366;    III,  34;    V, 

293. 


Ammonites  cunnimgioni,  I,  366  ;  II, 441 

58,75;  111.34,51;  V,  293. 

hptophyllus,   I,   299,   301,    334, 

337.  341,  344,  347,  366 ;  II,  17,49 
58,  75  ;  IV,  252,  256,  295. 

peramplus,  I,  366  ;  II,  44;  III, 

34, 41, 51 ;  V,  293. 297, 339. 

pseudo-gardeni^  IV,  267  295. 

wharranuensis  (a   MS.  name), 

IV,  288. 
Annis'  Knob,  III,  5,  8,  14,  i6-t8, 

(pis.  vii  and  xiii). 
Anomaeodon  angustus,  I,  367. 
AnUdom,  III,  36,  38,  49. 

htndgreni,  I,  361. 

perforata,  I,  361, 

striata,  I,  362. 

Apes  Down,  V,  270. 
Apesdown  House,  V,  270. 
ApArocaiHstes,  II,   67,   71  ;   V,  323. 

336. 
Aporrkais,  V,  297,  300,  339. 

mamtelli,  I,  366. 

sp.  I,  366. 

sp.  Ill,  38,  41,  50. 

Aptyckus,  I,  299,  347  ;  II,  57 ;  IV, 

268,  296;  V,  311. 

leptopkylhis,  V,  311. 

porthcki,  V,  307,  311,  315,  339- 

rugosus,  II,  61,  75. 

Arched  Rock,  V,  225  (pi.  ix). 

Argyll  Rock,  II,  32,  35- 

Arish  Mell,  II,  11,  13,  22,  24,  26,  aS 

(pis.  vi,  vii  and  x)  ;  IV,  2i5l. 
Armstrong  (H.  E.),  photographs,  V, 

326. 
Arratt's  Hill,  III,  12  (pis.  viii,  xiii). 
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Aireton,  II,  46. 

Arreton  Church,  Pit  N.  of,  V,  263. 

Arreion  Down,  V,  263,  266. 

ArikrasUr  dixons.  III,  4!,  49. 

Ashengrove,  V,  270,  271. 

Ashcy  Down,  V,  261,  266. 

Ashlam  Wold.  IV,  268. 

Asteroidca,  I,  362  ;  II,  72  ;  III,  49  ; 
IV,  293  ;  V,  318,  Spencer's  mono- 
graph on,  319. 

Augusta  Stairs,  I,  30 z. 

Avettana  kumboldti^  I,  366. 

Aviada  caermUscnu^  V,  321,  339. 

ttnukostatat  IV,  266,  295. 

An^sUr  crttacea,  I,    361  ;  II,  72  ; 

IV.  293  ;  V.  298.  322.  336. 
Bacon  Hole.  II,  22  (pi.  x). 
BaculiUs  bacmloities,  1 1 1 ,  5 1 . 

bok^mieus,  I,  366. 

Balanid  (new),  IV,  254,  296. 
Ballard  Down,  II.  28. 

Ballard  Point.  II.  5.  7.  8.  27,  32,  33; 

Bantam  Hole,  I,  306.  310. 

Bar  Cave,  V.  227. 

Barber's  Rock,  II,  25-27  {pi.  x). 

Bamct  Shoot,  IV,  205.  206. 

Bamet  Shoot  Pit,  IV,  232.  233. 

Barrois  on  Yorkshire,  IV.   195  :  on 

IslcofWight.  V,  215. 
Barrois*  "Sponge-bed,"  I,  295,  301, 

305,  329. 

(spurious),  I,  323, 329, 332. 

■  zones.  I,  293  ;  on  map  of  5  m. 

to  I  in.,  V.  331. 
Barton-on-Humbcr,  IV,  202,  242. 
Bat's  Head,  II,  3,  5,  7,  8,  14  (pis.  i, 

111,  ix). 
Bcachy  Head,  I.  321,  330  (pi.  ix)  ; 

Beacon  Hill,  IV,  217,  251  (pls.xxxv, 

xxxviii). 
"  Bcdwell  line,"  I,  294,  302  (pi.  x) ; 

V,  308. 
Bedwell  "sponge-bed,"  I,  294. 
Beer,  III,  u,   15-20  (pis.  iv,  vi-viii, 

xiii). 
Beer  Head,  III,  20  (pis.  ix,  xiii). 
Beer  Stone,  III,  22,  23,  27,  28  (pi. 

li).  I 

BiltnmtUlla  lanceolata,  I,  343,  346  ; 

11.58,60,76;  V,  311, 314. 

mucronata,  I,  345.  346  ;  II,  28,    j 

60,75;  IV,  260;  V,  314,339.       I 

— zone,  II.  28,  36     39,41,59; 

V.  231,  248,  253-256,  259,  266-272, 
279-281,  284,  313,  Tertiary  Sea- 
bottom,  330. 

Belemnites,  II,  49 :  IV,  239,  256. 
Belle  Tout,  I,   321,    323,    329  (pi. 
ix). 


BtUmostoma  cinctus^  I,  367. 
Bembridge  Down,  V,  258. 
Bembridge  Fort,  V,  236. 
Bempton  Cliffs,  IV,  205  (pi.  xxv). 
Bempton  Grange  Pit,  IV,  232,  233. 
Berry  Cliff,  III,  10,  25-27  (pis.  x, 

xiii). 
B^yx,  I,  367. 
Bessingby,  IV,  236,  237,  266,  268, 

271. 
Beverley,  IV,  243,  262,  267,  268. 
Bicavea  bed,  V,  220,  238,  246,  257, 

260,  264,  205  (pis.  xxii,  xxiii). 
Bicavea  rutafbrmUf  V,  220,  235.  263, 

284,  300  (called  ^^  Defrancta'*  in 

II  and  III). 

umula,  V,  302. 

Bindon  Hill  (Dorset),  II,  22,  28  (pi. 

x). 
Bindon  Hill  (Devon),  III  (pis.  lii, 

vii). 
Birling  Gap,  I,  321,  330  (pi.  ix). 
** Black  band"  (in  A.  p/emus-zone), 

IV,  199-203  (pi.  X vii -XX). 
Black  marl  band  (I.  of  WigUt),  V. 

219,  234,  238,  257,  260,  263,  264., 

268,  275,  281,  283  (pis.  xxii,  xxiii). 
Black   Rock,  II,  5,   11,  13,  23,  24, 

(pL  X)  ;  IV,  261  ;  V  (pi.  x). 
Black  Rocks,  II,  22  (pi.  ix). 
Blackmore  (Dr.  H.  P.),  II,  62-66; 

IV,  250,  267  ;    V,  293,  297,  299, 
303,  305,  306,  311-317. 

Blake  (J.  F.),  on  Yorkshire,  IV,  195. 
Boat  Knoll  (Pit  S.K.  of),  II,  39- 
Baurgusiicrinus,  I,  361  ;  II,  72  ;  III, 
34i  38,  49;  IV,  253,  256,  266,293  ; 

V,  306,  338. 
aequcUis  I,  344. 

(barrel),  I,  297,  304  (pi.  viii). 

{cor-aug.  head),  V,  302. 

{cor-Ust.  head),  V,  301. 

(dumb-bell  form),  I,   344  (pi. 

viii). 
el  lip  tic  us   (=  Bourgueticrinus 

supra),  V,  306,  3". 

mucronata-zovit^  Hi  6^  ;  V.  318. 

nipple  head),  I,  297,  330  (pL 

viii);  11,7,11,26,  30,  31,  56;   V, 

308. 
(jjuadratus-zont,  1, 334,  344,  (pi. 

viii);   11,57;  V,3II. 

(stumpy  head),  I,  304  (pi.  viii). 

(Jlanus  head),  V,  299. 

Bowcombe  Down,  V  276. 
Bowcombe  Barn  Farm,  V,  277,  282. 
Brading,  Pits  near,  V,  268  (pit  37, 

pi.  xxii). 
Brading  Down,  V,  260. 
Brading  Station,  V.  268. 
Branscombe,  III,  24-27. 
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Branscombe  West  Cliff,  III,  24-27 

(pis.  X,  xiii). 
Breil  Head,  IV,  212,  217,  247-249, 

274  (pis.  xzix,  xxxyiii). 
Briary  Pit,  V,  253. 
Bridlington,  IV,  197,  260,  261,  287 

(pi.  xxxviii). 
Brighstone  Down,  V,  274. 
Brighton,  I,  336,  339.  34i,  34^  (pl. 

ix)  ;  II,  62  ;  IV,  255.  273. 
Brixton.    See  Brighstone. 
Broadstairs,  I,  301. 
Brydone   (R.   M.),   II,   64-66  ;     on 

mucronata  bryozoa,  V,  322. 
Bryozoa,  not  listed  unless  of  zonal 

value,  V,  328. 
Bryozoa  in  planus-ixnity  III,  44;  in 

cor-Us^.-zone^  I,  329  ;  III,  45  ;  in 

Marsupites-zQu^y  IV,  258  ;  in  quad- 

ratus-zone^  I,  337.342. 
Bryozoon  (rotiform).    See  Bkavea, 
Buckle  Inn,  1,33$. 
Buckman    (S.   S.),  his  zonal  work, 

V,  325. 

Buckton  Cliffs,  IV,  198,  203. 
Buckton    Hall,   IV,    205,   206   (pl. 

xxxix). 
Buckton  Hall  Pits,  IV,  231,  233,  235. 
Buddlehole  Spring,  V,  274. 
Burdale,  IV,  241,  251,  253,  268. 
Burton  Pit,  II,  38. 
Burton  Agnes  Pit,  IV,  237,  271. 
Cable  at  Culver,  V,  236. 
Cable  at  Dover,  I,  306,  310. 
Cceloptyckium  agaticoides^  IV,  292. 
Ccelosmilia  iaxa^  I,  344,  361  ;    II,  58, 

72.;  IV,  269,  296  ;   V,  3l3t  321, 

336. 
Calbourne,  V,  271. 
Calbourne  Bottom,  V,  271. 
Calbourne  Reservoir,  V,  279. 
Calf  Rock.  II,  14  (pl.  ix). 
Callidtrma  latumy  II,  63,  72 ;  should 

be  Pycfuater  aMgusUUus^  V,  319. 
Caihpegma  oSconicum,  IV,  292. 
Canurospongia,  III,  43  ;  V,  295. 

aptria  I,  361  ;  V,  336. 

capitata,  I,  361. 

subrotunda,  I,  36 1. 

Canterbury  Hole,  I,  307. 

Cardiaster^  II,  44* 

ananchyiis,  I,  313.  3^3  ;    H,  61, 

73  ;   IV,  252,  256,  262,    294  ;  V, 

316,  337. 
cottfouanus^   III,    43,   45,   49  ; 

IV,  211,  248,  294;  V,  3CI. 

cntaceus.  III,    33,   38,  40,  50; 

V,  294,  337. 

pihUa,  I,  3or,  333,337,  338,  342, 

363;  II,  12.  13,  26,27,30,35,55, 
56,59,61,73;   IV,  226,  265,  294  ; 


V,  231,  283,  310,  (in  mucronata 
chalk)  311,316,  337. 

^^  Cardiasttr  pilula"  (Barrois),  IV, 
276,  218. 

zone,  I,  345  ;  H,  5^. 

pygfiuEus,   I,     318,    324;     III, 

32.  33,  50  ;  V,  294,  337. 

sp.,  II,  73. 

Carisbrooke,  V,  269,  280,  282. 

Carisbrooke  Reservoir,  V,  270. 

Camaby,  IV,  237,  265. 

Carter  (C.  S.),  on  marling  in  Lin- 
colnshire, V,  250. 

Carter  Close  Lane  Pit,  IV,  235. 

Carter  Lane,  IV,  212. 

Caryophyllia  cylindracea^  I,  299,  361  ; 
II,  55.  72  ;  V,  307,  309.  336. 

"  Castrum  *'  at  Seaford,  I,  332-334. 

Cat  Nab,  IV,  206. 

CtphalUts,  V,  295. 

bmettug,  1, 360 ;  III,  49  ;  V,  336. 

caitniftry  I,  361. 

longitudinaliSy  I,  360. 

Cirithium  sounder si^  I,  366. 

Chalk,  Salts  in  the,  V,  214. 

Chalk  Rock,  I,  306,  310,  312,  325  ; 
II,  7,  8, 15,  20-23.  33,  46,  47  ;  III 
8, 43  ;  IV,  210  (see  also  Proc,  Geo/. 
Assoc,  xvii  (4),  1901,  p.  190)  ;  V, 
219,  241  (see  Spurious  Chalk 
Rock)  ;  in  Isle  of  Wight,  331. 

Channel  Tunnel  zigzag,  I,  316. 

Chapel  Rock,  III,  4  (pis.  i,  ii,  xiii). 

"Charleses,"  I,  322. 

Charton  Cliffs,  III,  10. 

Chatterthrow,  IV,  203,  206,  (pl. 
xxxviii). 

Cheverton  Down,  V,  277. 

Chillerton  Down,  V,  273. 

Chloritic  Marl,  II,  6,  33. 

Cidaris  clavigera^   I,   304,  326,  328, 

362  ;  II,  45,  46,  72  ;  III,  35,  42, 
49;  IV,  293;  V,  294,  296,  301, 
305,  317,  337. 

kirudo,  I,  304, 319,  324,  362  ;  II, 

44,  45,  62,  72  ;  III,  27,  34,  40,  42, 
49  ;  IV,  242,  248,  252,  256,  266, 
293;  V,  294,  296,  301, 305,  ?I7, 337. 

peromata,  I.   304,  362  ;  II,  48, 

72;  111,43,49;  IV,  252;  V,299, 
301,  304,  337. 

pleracantkay  II,  62,  73  ;  V,  292, 

317,  337. 
sceptrifera,  I,  304,  362  ;  II,  46, 

48,  72  ;  in.  45,  49  ;  IV,  252,  256, 

266,  293  ;  V,    301,  304,  317,  337. 
serrata,    II,   62,    73  ;    V,  317, 

(with  triple  denticles)  317,  337. 
serrifera,  I,  309,  313,  326,  328, 

363  :    II,  44-46,  73  ;   III,  35,  42, 

49 ;  V,  294, 296, 301, 337. 
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Ctdaris  sorigneti,  HI,  35. 

suhvtsiculosa,    II,   6a,  73  ;    IV, 

252,  256,  266,  293  ;   V,  296,  305. 

317,  337. 
n.  sp.  {mucronata-zoiit)^  II,  62, 

73  ;  V,  317. 
Cimolicktkys  lewenensis^  I,  367. 
Cirripedes,  II,  66. 
Clatterford,  V,  282. 
Cleft  near  Beer  Head,  III,   19  (pi. 

xiii). 
Cleft  (Great)  at  Pinhay,  III,  8  (pis. 

ii,  xiii). 
Clevelands,  III,  3,  4  (pi.  xiii). 
Cliff  End  (Scwerby),  IV,  252,  262, 

265. 
Cliona,  II,  61  ;  V,  323. 

cretacta,  I,  359;  II,   71  ;    IV, 

^  293  ;  V,  336. 

Close  Nooks,  IV,  206  (pL  xxxyiii). 

Cockburn's  (General)  Collection,  I, 

316;  111,35;  IV,  250. 
Cockpit  Head.  II,  24,  27  (pi.  vi). 
Coddenham  (Suffolk),  IV,  267. 
Coffin  Pit,  II,  38. 

Common  Hole,  IV,  217  (pi.  xxxviii). 
Compton  Bay,  V,  216  (pi.  viii). 
Compton  Chine,  V,  234,  257. 
Compton  Down,  V,  257. 
Conftrvitii^  I,  359, 
Connett's  Hole,  III,  12,  14,  16  (pis. 

V,  xiii). 
(x>ntortions  in  Chalk,  IV,  206,  232, 

(pis.  xxiv,  xxxviii). 
Coombe  Pit,  II,  38. 
Cooness  Nook,  IV,  212. 
Corax  affmis^  I,  367. 
Corax  /aicatus,  I,  367  ;  II,  76  ;  III, 

SI. 

prsstodimtus^  I,  367. 

Coscinipora  m/undtiuiiformis,  I,  360  ; 

II,  71  ;  IV,  292  ;  V,  336. 
Court  Barn  Lane,  III,  27,  28. 
Cover  Hole,  II,  5,  28-30  (pi.  x). 
Cow  Comer,  II,  31  (pi.  x). 
Cow  Gap,  I,  321  (pi.  ix). 
Cradle  Head,  IV,  212,217  (pls.xxix, 

xxxviii). 
Cratia  tgnahirgtniis.  III,  40,  45,  50  ; 

IV,  242.  245,  253,  257,  268,  294  ; 

V,  302,  309,  312,  320,  338. 
var.  castata,  I,    345  ;    II, 

57,  65,  74  ;  V,  319.  338. 
var.  striata^   I,   314,  326, 

345,  363  ;  II,  57,  74. 
parisiensisy   I,   363  ;    IV,  253  ; 

V,  306,  309,  338. 
Craticuiaria  fitioni^  I,  317,  360  ;  II, 

71;  111,41,49;  V,  295,  298,  336. 
Cribrilina  {quadratus  form),  I,  341  ; 

11,56;  IV,  269;  V,  313. 


Crick  (G.  C.)  on  Act,  grauulatus  (de* 

formed),  IV,  283. 

on  Bclemnites,  IV,  270. 

Criocitas  sp.,  Ill,  51. 

Crofts'  Collection,  IV,  245. 

Cromer,  V,  323. 

Crowe's  Shoot,  IV,   203,  208,  242- 

244. 
Crowlink.  I,  330  (pi.  ix). 
Cuckmere,  I,  321,  329,  332,  335  (pi. 

ix). 
Culver,  The,  V,  235,  237  (pis.  xvii- 

xx). 
Culver  Down,  V,  236. 
Culver  nodule  beds,  V,  229. 
Cyphosoma^  IV,  245. 
coroUarty  I,  304,  362  ;  II,  73  ; 

IV,  245,  252,  266,  293  ;  V,  305, 

317,  337. 

koinigi,    I,   304,    328,    362;    II, 

54,  73  ;  V,  305,  310,  317,  337. 

radiatum,  I,  31 1.  313,  325,  326, 

362;  II,  45.  46,  73;  III,  34,  38, 
40,  49 ;  IV,  241,  245,  293  ;  V, 
294,  296,  298,  301,  305,  337. 

spatuHfirum,   I,  304,  362  ;    V, 

299,  305,  337. 
Danes*  Dike,  IV,  206,  271,  287  (pi. 

XXX  v). 
Darby's  Hole,  I,  323. 
"  Defrancia;'   II,  23,  46  ;    III,   19  ; 

see  Bkavea. 
Dtntalmm  turontns*^  I,  366. 
Devon,  III. 

Diastopora  oceaniy  II,  45. 
Diblasus,  III,  39,  49. 

gravensiSy  V,  307. 

Dibley  (G.  E.),  Collection  of  Belem- 

nites,  IV,  274- 
Dike's  End,  IV  (pis.  xxxv,  xxxviii). 
Discoidea  dixoni,  I,  317,  318,  324,  325 

363  ;  II,  44,  45.  73  ;  III,  32,  40 

49;  V,  293, 296, 299, 337. 

Donkey  Lin  hay  Rocks,  III,  27. 

Dorkinj;,  II,  62. 

Dorset  II,  2  ;  V,  314-316. 

Dorset  Pit,  II,  38. 

Dorvderma  ramosum^  I,  349,  359  ;  II, 

71 ;  V,  307,  336. 

Dover,  I,  305,  315  (pi.  x)  and  Proc, 
GtoL  Assoc,  xvli  (4),  1901,  p.  190  ; 
11,44;  111,32-45;  IV  244. 

Dowlands,  III,  3,  10. 

Downend  Pit,  V.  264. 

Driffield,  IV,  260,  262,  267,  268. 

Drift  of  Shingle,  Sussex,  I,  348. 

Dumpton  Gap,  I,  301. 

Dunjfy  Head,  II,  3,  5,  15  (P^-  «). 

Durdle  Bay,  II,  5  (pi.  ix). 

Durdle  Cove,  II,  15  (pi.  ii)  ;  slide- 
planes,  15  (pi  iii  and  ix). 
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Durdle  Door,  II,  3  (pI.  ix). 
Duzmore  Farm,  pit  S.E.  of,  V,  267. 
Eastbourne,  I.  331  (pL  ix.). 
East  Ebb,  III,  12, 14, 15  (pis.  vi,  xiii). 
East  Leys  Pit,  IV,  235. 
Echinoderms  infilled   with    flint    as 

evidence  of  age  of  flint,  V,  289. 
EcAinocoHus  band,  I,  295  ;  V,  304. 

(shape  variations),  V.  309. 

albogaierus,  V,  304,  309,  337- 

casianta,  I,  318,  324,  363  ;  II, 

44,73;  111,21,33,38,40,49;  V, 

294. 

conUu^,  I,  299,    303,  328,  331, 

337,  349,  362  ;  II,  48,  54,  61,  73  ; 
IV,  251  ;  V,  304,  309,  316,  337 
(this  ** species"  has,  in  the  Isle  of 
Wight  paper,  been  referred  to  its 
four  proper  forms  —  albogaUrus^ 
coHtcuSy  globulus^  and  vulgaris^  q.v.). 

glolmlus  I,  299,   363;    V,  309, 

337. 

subrotundus,   I,   318,   324,    325, 

363  ;  II,  44,  45,  73  ;  III,  34,  40, 
49  ;  V,  294,  295,  337. 

vu/garis,  V,  299,  304,  309,  337. 

Eckinocorys  in  /i^Mi-zone,  I,  336. 

• absent  in  7>r.  graci/is-zont^  IV, 

205,  210,  243. 

of  mucronaia-zonef  II,  61  ;    V, 

315. 
with  thin  test,  I,  308,  309,  329  ; 

IV,  251. 

vulgaris,  I,  362  ;    II,  73  ;  III, 

49 ;  IV,  239,  250,  255,  265,  293  ; 

V,  304, 310, 314, 337. 

van   gibbuSf   I,   301,   303, 

308,313,328,  333,  337,  338.  342; 

II,  26,  27,  48,  56,  57,  59 ;   III,  42, 

44  ;  V,  301,  308. 

(depressed),  V.  310. 

(dome-shape)  I,  297.  303, 

338, 342  ;  V,  304,  308. 
(dwarf      pyramidal),      I, 

343. 

(ovate),  I,  303  ;  V,  304. 

(pointed  dome).  V,  310. 

(subgibbous),  I,  338. 

(subpyramidal),  V,  308. 

var.  pyramidatus,   I,    297, 

303,  330,  333,  337,  338,  349  ;  H, 

7,  26,  56,  57  ;  IV,  256. 
scuiaius  (the  correct   name  for 

E.  vulgaris). 

(young  forms  oQ,  V,  316, 

Elasmostoma  scitulum^  I,  361. 
Enckodus  liwesiensiSy  I,  367. 
Enoploclytia  leachi^  I,  366. 
Enthorpe,  IV,  247. 
Epiasier  gibbus,  I,  303,  305,  363  ;  H, 

48,  62  ;  V,  304,  337. 


Eptphaxum  aubporoides^  I,  361  ;   III, 

39,  49  ;  V,  307. 
Eschara  acis^  I,  309,   313;    II,  46  ; 

V.  302,  306,  313, 322. 

danae,  I,  345. 

gaUata^  V,  322. 

lamarcki,  I,  309 ;  IV,  258  ;  V, 

322. 

stigmatophora^  V,  322. 

Etton,  IV,  214,  247,  274. 
Exogyra  h<diotoidea^  I,  365. 
Fall  Hole,  IV,  212,  214  (pi.  zzxyiii). 
Falling  Sands.  I,  321. 
Fan  Hole,  I,  310  (pi.  x). 
Farringford  House,  pit  S.  of,  V,  254. 
Ferriby  (S.),  IV,  202  (pi.  xx). 
Fimber,  IV,  251-253,  256,  273. 
Five  Barrows  (Shalcombe),  pic  S.E 

of,  V,  257. 
Five  Barrows  (Newbam  Down),  V, 

273. 
Flamborough,  IV. 
Flamborough  Sponges,  IV,  262-264. 
Flamborough  Station  pits,  IV,   236 

(pi.  xxxix). 
Flamborough  Station  Well,  IV,  236. 
Flint,  Age  and  Origin  of,  V,  289. 
Flintless  belt  in  Marsupites  zone,  V, 

245.  265. 
Flints  of  cuvieri'Zone^  II,  41  ;  III, 

30  ;  IV,  228. 
oi gracihs-ione,  I,  315  ;  II,  41  ; 

III,  30 ;  IV,  228,  229  ;  V,  289. 
piamus'zonc,  I,   310,    325  :    II, 

41  ;  III,  30 ;  IV,  228,  229  ;  V,  241, 

289. 
cor-Usi. 'Zone^  I,  306,  327  ;    II, 

41;  111,31;  IV,  229;  V,  290. 
cor-ang.-zoney  I,   305,   329;  II, 

41  ;  IV,  228,  229  ;  V,  290. 
marsupiUS'ZOiity  I,    295,    346  ; 

11,41  ;  IV,  230;  V,  291. 
quadratus'zonty     I,     340 ;     II, 

41  ;  IV,  231 ;  V,  291. 

mucronata-zoTk^^  V,  291. 

FlinU  in  Yorkshire,  IV,  228,  230. 

Flower's  Barrow,  II,  30  (pis.  vii,  x). 

Folkestone.  I,  317. 

Foraminifera,  I,  359. 

Ford's  Point,  I,  322,  325. 

Foreness,  I  (pi.  x). 

Fossils,  microzoa  not  listed,  V,  328. 

Fossils,  names  of,  V,  328. 

Fossils,  number  collected   for  zonal 

facts,  V,  324,  percentage  necessary 

for  zonal  purposes,  331. 
Fountain  Rock,  II,  4,  7,  9. 
France,  chalk  zones  of,  I,  293. 
Frenchman's  Fall,  I,  306,  307. 
Freshwater  Bay,  V,  222  (pis.  ix,  x), 

old   road    at,    234    (pi.   ix,    xxi). 
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military  road    near,  234  (pU.  iz, 

xxi). 
Freshwater  Waterworks,  pit  at,  V, 

aS4. 
Friars  Bay,  I,  336,  337.  339  (pL  ix). 
Further  Point,  I,  332. 
Gallows  Hole,  IV,  215. 
Garstons  Down,  V,  272. 
Garstons  Farm,  V,  272. 
Gasteropods  in  Yorkshire  Chalk,  IV, 

288. 
Germany,  chalk  zones  of,  I,  293;  IV, 

262,  267. 
Gills,  IV,  268. 
Glyphocyphus   radiaius,    I,  318 ;    II, 

44  ;  III,  33,  38,  41,  49  ;  V,  294. 
Gore  End,  I,  294  (pi.  x). 
Gore  Pit,  I  (pi  ix). 
Gottenleaze,  V,  271,  279. 
Graeme's  Bam  Pit,  IV,  236. 
Grand  Arch,  V,  228  (pis.  xii,  xiv). 
Gravesend,  IV,  274. 
Grays,  IV,  274 
Great  Cleft,  III,  8  (pi.  ii). 
Gregory  (J.  W.),  on  ZeuglopUurus^  I, 

353  ;  on  Bicavta,  V,  220,  337. 
Grey  marl  band  (I.  of  Wight),  V, 

219,  220,  238,  241,  257,  263,  264, 

275,  281  (pis.  xxii,  xxiii). 
Griffith   (C),    II,   62-65  ;  IV,  250  ; 

V,  216. 
Grimstone  Wold.  IV,  268. 
Grit   Bed,  I,  317,  3«3  ;  H,  23,  43  ; 

in,  29, 32, 33 ;  V,  240. 

Grossouvre  on  Belemnites,  IV,  270, 

274. 
Guittardia  stillaia,   I,    317,  359;    II, 

71  ;    III,  41,  49 ;    IV,  292  ;    V, 

336. 
Gull  Nook,   IV,   206   (pis.  xxxviii, 

xxxix). 
Gun  Garden,  I,  322,  323. 
"ThcHall,"III,  I9(pl.  viii). 
HamiUSy  IV,  264,  295. 
Hanbury  Tout,  II.  5  (pi.  ix). 
Handfast  Point,  II,  32,  38. 
Haplophragmmmy  III,  41. 
Harboro',  V,  275, 
Harnham,  IV,  271. 
Hartendale    Gutter,    IV,    223  (pis. 

XXXV,  xxxviii). 
Haven  Cliff,  III,  1 1  (pis.  iii,  vii). 
Htmiaster  minimus ^  I.  317.  325,  363  ; 

II,  44,  45,  73;    "I,  33,  40,   49; 

IV,  241,  294;    V,  293,  296,  298, 

301,305,337. 
Hermit's  Hole,  V,  237. 
Hessle,  IV,  241. 
Utter oceras  rttissianum,  I,  366. 
Hettropora  pulchelia^  I,  309  ;  V,  302, 

306. 


Hettropora  sp.,  V,  322, 
HetiTOsHnia  obliqua^  I,  359  ;  II,  71  ; 

IV,  292  ;  V,  336. 

High  Down,  V,  226,  233,  253  (pi.  ix). 

High  Stacks,  IV,  215,  217,  249,  250, 
252,  256,  271  (pis.  xxxiv,  xxxviii). 

High  Towthorpe,  IV,  288. 

High  Wood,  V,  271. 

HiU  (Wm.)  on  Yorkshire,  IV,  200. 

Hill  Ends,  IV.  228. 

Hipponyx,  I,  365. 

Hodges'  Flagstaff,  I  (pi.  x). 

Hoglease  Copse,  pit  at,  V,  266. 

Holaster  placenta^  I,  309,  312,  325, 
328,  363  ;  II,  45,  46.  73  ;  III,  19, 
35,  40,  42,  45,  49 ;  IV,  248,  294  ; 

V,  296, 299. 301, 305, 337. 

planus,   I,   309,   311,  312,  3I4» 

325,326,363;  11,45,73;  111,35, 
40,  42,  49  :  IV,  208,  241, 243,  248, 
294  ;  V,  295,  337. 

(unceruin  occurrence  oQ, 

11,6. 

zone,  I,  292,  308,  310,  325, 

{Proc,  Geol.  Assoc. ^  xvii  (4),  1901, 
p.  190)  ;  II,  6,  9,  14,  20-23.  33, 
40,  45  ;  III,  4,  5,  7,  9,  14.  16,  19, 

20-23,  28,  30,  41-44;  IV,  203, 

209,  229,  242  ;    V,  220,  227,  241, 

257,  260,  263,  264,  268,  274,  276, 

280,  284,  298. 

(base  oQ,  I,  31 1. 

(name  of),  I,  314. 

(wanting  at  Seaford 

Head),  I,  336. 

trectnsis,  I,  3 1 2. 

sudg/odosus-zone,   II,   6,  8,  33  ; 

IV,  199-201,  207  ;  V,  260-275. 
Holdcrness,  IV,  260. 
Holmes'  Gut,  IV,  208,  210,  243  (pi. 

xxxviii). 
Hoi  worth  House,  II,  4. 
Holywell,  I,  321,  324  (pi.  ix). 
Hooken,  III,  10,  16,  20  (pis.  ix,  xii, 

xiii). 
Hooken  Beach,  III,  21. 
Hope  Gap,  I,  332. 
Hornsea  Well,  IV,  260. 
Humble  Point,  III,  11. 
Hun  tow  Pits.  IV,  235,  236. 
Idlecombe  Down,  V,  277,  278. 
Idmonea  creiacea,  V,  306. 
Infulasttr  excentricuSy  IV,  25 1. 
rosiratus,  I,  363  ;  IV,  218-220, 

249,  256,  266,  294;  V,  292,  305, 

337. 

zone,  IV,  219,  248. 

Inociramus  brongnifirtiy  I,  314,  365  ; 

11,45,46,75 ;  ni,  32,40,43, 50, 

IV,  241,  244,  295;  V,  296,  300, 
338. 
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Inoceramus     (cf.)    cuwi/brmtSf    IV, 
295. 

—  cuvurs,  1, 317, 318, 365 ;  II,  75  ; 

III,  40,  50;  IV,  208,  241,  295  ; 
V,  251  (value  in  the  field),  302, 
306,  338. 

involutus,  I,  304,  305.  331,  365  ; 

IV,  253. 

labiatus  (See  Ino.  mytiloidis). 

lamarcki,  III,  32,   38,  40,  50  ; 

IV,  241,  244,  295  ;  V,  296,  302, 
312,  338. 

lingua,  IV,  218,  258,  261.  295. 

(long  narrow)  IV,  269. 

zone,  IV,  22s,  259. 

mytiioides,  I,  317,  318,  365  ;  II, 

44,  75  (all  as  labiatus)  ;  III,  32, 
37,  38,  40.  50  ;  IV,  241,  295  ;  V, 
293  (does  not  occur  higher  than 
R.c),  296,  338. 

(cf.)  undulata,  IV,  295. 

sp.  (Woods),  I,  314,  365 ;  II, 

46,  75  ;  III,  50 ,   IV.   244,   295  ; 

V,  300, 338. 

spp.  ;  75, 

sp  (mucronata  form). V,  320, 338. 

Jackdaws*  Crag,  IV,  204  (pi.  xxi), 
Janira^  see  Neifhta. 
Johnson,  (W.),  V,  294. 
Joss*  Stairs,  I  (pi.  x). 
Jukes-Browne    (A.    J.),    on    I.    of 

Wight,  V,  216 
Kemps'  Stairs  I,  (pi.  x). 
Kent,  I,  294, 
Kern  marl-pit,  V,  26  r. 
Key  Hole,  IV  (pi,  xxxviii). 
Kindlescar.  IV,  217  (pi.  xxxviii). 
King  &  Queen  Rocks,  IV  (pi.  xxxiii, 

xxxviii). 
King  Rock,  II,  6. 
Xingina  lima,  I,  300, 363  ;  II,  64,  74  ; 

III,  36  ;  IV,   242,  244,  253,  257, 

268,    294;      V,     292,     306,    319 

338. 
Kingsdown,  I  (pi.  x). 
Kingsgate,  I,  29s,  301  (pL  x). 
Kings'  Hole,  III,  12. 
Kirkella,  IV,  214,  247,  274. 
Kirk  Hole,  IV,  (pi.  xxxviii). 
Kitchen,  The,  V,  227. 
Kitchin    (F.    L.)    on    TertbratuHna 

rowii,  I,  355  (P^-  viii). 
Kit  Pape's  Spot,  IV,  198  (pi.  xvii, 

xxxviii,  xxxix). 
Lambert  (Jules)  on  CardiasUr,  III, 

32,33 
Lamtta  apbendiculata^  I,  367  ;  II,  76  ; 

III,  51;  IV,   296;  V,  298,  301, 

323,  339. 
Lamplugh  on  Yorkshire  Chalk,  IV, 

197,  287. 


Lamplugh  on  Conditions  of  Accumu- 
lation of  quadratus-zoii^  IV,  287. 

Lamplugh,  Coll.  of  Sponges,  IV, 
263,  287. 

Lamplugh,  Coll.  of  Micrasters  from 
Bessingby,  IV,  266. 

Lang  (W.  D.)  on  Onchotrockus,  V, 
297. 

Langdon,  I,  305  (pi.  x). 

Langdon  Stairs,  I.  320. 

Leather  Court  Point,  I,  302  (pi.  x). 

Leiodofiy  I,  367. 

Leptophragma  murcAisom\  I,  360  ;  II, 
67,  71  ;  IV.  292  ;  V,  307,  323. 
336. 

Life  Hill,  IV,  268. 

Zima  cretacea  (olim  maniellt),  V,  297, 
339. 

decussata,  V,  296,  300,  309,  339. 

granasa,  I,  365  ;  H,  65,  75  ;  IV, 

295. 

granulata  (olim  errore  graMosa\ 

V,  320,  321,  338. 

Aop^ri,  I,  300,  328,  364  ;  II,  55  ; 

IV,  2S8,  295 ;  V.  297,  300,  306, 
309, 339. 

mantelli  (see  Z.  crttacta)^  I,  365. 

peclinata^  I,  365. 

wtnioHiHsis  V,  300,  339. 

Limersione  Down,  V,  274. 

Limin?  of  Fields  ;  in  Isle  of  Wight. 

V,  250  ;  in  Lincolnshire,  V,  250. 
Ltthology  of  cuvieri'zont,    I,    292  ; 

II,  40;    III,   29;    IV,  229;  V, 
288. 

gracilis'Zone,   I,   292  ;    II,  40  ; 

III,  30  ;  IV,  229  ;  V,  288. 

planuS'Zone^    I,    292 ;    II,   40  ; 

III,  30  ;  IV,  229  ;  V,  290. 
c0r-//j/.-zone,  I,   291  ;    II,  40  ; 

III,  31  ;  IV,  229 ;  V,  290. 

car-ang^'zaae^  I,   291  ;   II,  40  ; 

IV,  229  ;  V,  290. 

marsupi/ts-zone^  I,  291  ;  II,  4I  ; 

IV,  230  ;  V,  290. 
quadratuS'Zon^  I,  291  ;  II,  41  ; 

IV,  231  ;  V,  291. 

mucronata-zont,  II,  41  \  V,  291. 

Little  Beach,  III,  20. 

Little  Down,  V,  271,  279 

Littlecombe,  III,  27. 

Long  Close  Bottom  Pit,  II,  39. 

Long  Copse,  V,  273. 

Longlands  Farm,  Pit  S.  of,  V,  259. 

Longlands  Pit,  IV,  235. 

Lukely  Brook,  V,  282. 

Lulworth  Cove,  II,  3,  21  (pi.  x). 

Lydden  Zigzag,  I,  316. 

Lynch  Plantation,  III  (pi.  xiii 

Lyiihams  Road  Pit,  IV,  234. 

Macropoma  mantelli,  I,  367. 


THE   WHITE  CHALK  OF  THE   ENGLISH   COAST 


347 


Magaspumilus,  II,  28,  35,  63,  75  ;  V, 

232,  284,  314,  319,  338. 
Maiden's  Grave  Slack  Pit,  IV,  234. 
Main  Bench,  V,  228. 
Man  o'  War  Cove,  II,  3,  5,  17,  24 

(pi.  ix). 
Marcasite,  IV,  219,  222,  230. 
Marconigraph   Station,    Culver,    V, 

236  (pi.  xvii). 
Margate,  I,  295,  349  (pi.  x)  ;  IV,  250, 

255,  258,  273. 
Margate  Sewer,  I  (pi.  x). 
Market  Weighton,  IV,  250. 
Marl.  IV,  227,  230. 
Marling  of  fields  in  Isle  of  Wight  and 

Lincolnshire,  V,  250. 
Manr    (J.    £.),    on    mutations    and 

zones,  V,  326. 
MarsuptUs,  I,  296,  331,  333,  334,  338, 

341,  361 ;    II,  41.  73  ;    IV,  218, 
.     221,  293  ;  V,  308,  338. 

at  Rottingdean,  I,  347. 

at  Shoreham,  I,  346. 

in  Devon,  III,  3. 

zone,  I,  291,  294,  301,  302,  331, 

346 ;  II,  6,  10,  14,  25,  30,  34»  41, 

52  ;  IV,  222,  223,  254  ;   V,  223, 

229,  244,  284,  308. 

(name  oQ,  I,  300  ;JV,  308. 

Martins'  Rock,  III,  23  (pi.  xiii) 
Measurements  of  zones  :  Kent,  1, 320; 

Sussex,    I,  350 ;    Dorset,  II,  42  ; 

Devon,   III,   46  ;   Yorkshire,  IV, 

275  ;  L  of  Wight.  V,  284. 
Mefsty  Down,  V,  262. 
Meyer's  zones,  III,  47. 
Melboum    Rock,  II,  23  ;    III,  29 ; 

V,  217,  240,293. 
MeUcertites    (no  zonal   value),    IV, 

246. 
Melton  Bottoms,  IV,  202. 
Mersley  Down,  V,  262,  266. 
Afitopeuter  cornufuSj  III,  38,  39. 

manUlii,  V,  338. 

parkinsoni^  I,  362  ;  V,  338. 

uncatusy  1,  362  ;  V,  338. 

Meudon,  II,  62,  64. 
Meyer-Eymar  on  Belemnites,  IV,  270. 
Micheldever,  IV,  273. 
Micrabada  coronula^  V,  298,  336. 
Micrasier,  II,  46,  47,  48  ;  III,  35,  44  ; 

IV,  238,245,  266  ;  (see  also  Qtuirt. 

Joum.  Geol.  Sac.^  Iv,  1899,  pp.  494- 

544,  pis.  xxxv.-xxxix). 

in  cor-frs/.-zone^  I,  308. 

in  mttcronafa-zone^  V,  317. 

in  ^arA/ro/irj-zone,  V,  311. 

with  the  thin  test,  I,  309. 

— ^  cor-anguinum^  I,  338,  363  ;  II, 

57,  62,  73  ;    XV,  219,  250,   293  ; 

V,304,  309,  311,  337. 


Micraster  cor-anguinum^  var.  latior^  I, 
303,  363  ;  II,  54  73  ;  V,  304,  337. 

var.  rostratus^  I,  300  ;  II, 

54  ;  V,  309. 

Ubular,  I,  307,  323,  329. 

zone,  I.  291,  301,  329  ;  II, 

6,  10,  17,  20,  24,  29,  34,40,48,  52  ; 
III,  6  ;  IV,  216-221,  229,  249  ;  V, 
222,  228,  243.  258,  261,  264,  266, 
276,  278,  284,  304. 

(name  oO,  I,  305- 

cor-bovis,!,  311,  313,  316,325, 

326,  363 ;  II,  44,  73  ;  III,  15,  38, 

39,42,49;  IV,  245;  V,  296,  298, 
337. 

cortestudinarium^    I,    303,   328, 

363  ;  II.  73  ;  III,  42.  44,  49  ;  V, 
301,  304,  337. 

tabular,  I,  307,  328,  332. 

zone,  I,  291.  306,  327,  335  ; 

11,6,9,  14,  17.  20,  21,  23.  24,29, 
34,  40,  41  ;  III,  7.  17-20,  31,  44, 
45;  IV,  205,  209,  211-215,  229, 
246  ;  V,  226,  242,  262,  282,  284. 

dicipienSj  V,  299. 

Uskti,  I,  311,  313i  326,  363  ;  II, 

73;  111,39,40,42,49;  IV,  245; 
V,  298, 337. 

zone,  I,  312. 

prtEcursor  (GTo\i'p)y  I,  303,  3^3  ; 

II,  45,  73;  III,  42,  44, 49;  IV.  213, 
245, 247,  294 ;  V,  298,  301,  304,  337 

Microzoa  not  listed,  V,  328 

Middle  Bottom,  II,  4,  7,  8,  9,  ",  12, 
37  (pis.  i.  ix). 

Military  road  over  Afton  Down,  V, 

234- 
Mitchells'  Rock,  III,  23,  24  (pi.  xiii). 
MitrasUr  kunttri,  V,  338. 

parkinsoni,  I,  3^2  ;  V,  338. 

rugatus,W,Zl%. 

UMcatus,  I,  362  ;  V,  338. 

Monastery  Pit,  II,  29,  39  (pi.  x). 

Mora  Cottage,  V,  269. 

Mortimer's  Museum,  IV,  198,  245, 

247,  250,  253,  262,  264,  265,  267, 

268,  288. 
Morton  Manor,  pit  N.  of,  V,  260. 
Mosasaur,  IV,  296. 
Mottistone  Down,  V,  275. 
Mount  Joy,  V,  280. 
MuIUlea,  I,  331. 
Mupc  Bay,  II,  5,  18,  22  (pi.  x). 
Nanny  Goat's  House,  IV,  200,  204, 

240  (pi.  xxi). 
Naiica  vulgaris^  I,  365. 
Nautilus,  IV,  267,  295  ;  V,  293. 

aiias,  III,  4,  50  ;  V,  207,  339. 

sublanngatm,  I,  366,  III,  350. 

Needles,  The,  V,  228,  232  (pis.  xiii, 

xiv). 
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Needles  Hotel  Pit,  V,  253. 
Seithea  dutempUi,  I,  364. 

guadricostata^  I,  364, 

(luinquecostata,  I,  364  ;    II,  65, 

75 ;  III,  40.  50 ;  V,  339. 
Newbarn  Down,  V,  272. 
Newbam   (N.  of  Afton  Down),  V, 

256. 
Newbarn  Farm  (Calbourne),  V,  271, 

279. 
Newcombe,  IV,  211,  213,  248,  274 

(pi.  xxxviii). 
Newcombe  Saddle,  IV,  212. 
New  Ditch  Point,  V,  217,  227  (pi. 

x). 
Newhaven,  I,  335,  336,  339  (pi.  ix). 
NewUnds  Farm,  II,  5  (pi.  ix). 
Nodewell,  V,  253. 
Nodular    bands  at  the   Culver,   V, 

236, 239, 245, 246 ;  not  at  Downend, 

265  ;  not  at  Scratchell's,  229. 
Norfolk  Coast,  V,  324,  334. 
North  Dale  Pit,  IV,  235. 
North  Foreland,  I  (pi.  x). 
North  Sea  Landing,  IV,  208,  242, 

243.  245  (pis.  xxviii,  XXX,  xxxviii). 
Northfleet,  IV,  273,  274 
Norwich,   II,  60,  62-67 ;     III,  43  ; 

IV,  243,  261,  264  ;  V,  315.  316. 
Nostrils,  The,  V,  235,  236,  239,  242 

(pi.  XX). 
Notidanus  microdon^  I,  367  ;  III,  45  ; 

IV,  296. 
Nunwell  Down,  V,  268. 
Nunwell  Rookery,  Pit  S.  of,  V,  268. 
Old  Door,  IV  (pi.  xxxviii). 
Old  Harry,  II,  38. 
Old  Nore  Point,  I,  337  (pi.  ix). 
Old  Roll  Up,  IV,  205. 
Oldpepper  Rock,  V,  217,   227  (pi. 

Onchotrochus  serpentinus^  I,  304,  361  ; 

II,  66  ;    III,  37,  49  ;   V,  295,  297, 
300,  307.  336. 

Ophtraphidites  nnastomans^  I,  359. 
Ophiura,  I.  362  ;    II,  72  ;    III,  49  ; 

IV,  256,  293  ;  V,  299,  338. 

Or  easier    bulHferus^     II,     63,      72  ; 
should     be    Pycnaster    angusiatus^ 

V,  319. 

obtuSUSy  I,  362. 

pUtilliferus^  II,  72. 

Osborne  View  Cottage  (Carisbrooke), 

V,  270. 
Ostrea  acutiroitris,  I,  36$  ;    III,  36  ; 

V,  338. 

—  alaeformis^  I,  300,  365  ;  II,  65. 

curvirostris^  I,  365  ;  II,  75. 

hippopodium,    I,    365  ;     II,    75  ; 

III,  36,  so;  IV,  246,  29s ;  V,  306, 

338. 


Ostrea  laUralis,  I,  345,  3^5  ;  II,  S^ 
75;  111,50;  V,  306,  3",  338. 

var.  striata,  1,  345,  3^5  ; 

V,  312. 

Kormanniana,  I,  365  ;    II,  75  ; 

III,  36,  50  ;  V.  306,  338. 

probosddia,  IV,  203,   242,  243, 

295. 
semiphna,    I,    365  ;      II,     75  ; 

III,  50 ;  V,  306,  338. 

vesicularis,  I   365  ;    11,6$,   75  ; 

III,  34,  36,  38,  50  ;  IV,  242,  246, 
255,  262,  295  ;  V,  306,  309,  338. 

wegmanniana,  I,  345,  365  ;    II, 

75  :    IV,  253,  255.  258,  262,  295  ; 

V,  300, 306, 309. 338. 

Ovingdean,  I.  340. 

Oxyrhma  manteili^  I,  367  ;    H,   7^  ; 

III,  51;    IV,  296;    V,  298,  323, 

339- 
PachinioK  scriptum^  I»  359  ;  V,  307. 
Painsthorpe  Wold  Pit,  IV,  209. 
Pan  Down,  V,  281. 
Paramoudras,  II,  37  ;   IV,  203,  209 

(pi.  xxx). 
Parasmilia,  IV.  253. 
centralis,  I.   299,  304,  361  ;  II, 

72  ;    III,  39*  49  ;    IV,   253.  258. 

293  \^  V,  295,  297,  300.  302,  307, 
313,  322,  336. 
vzx.gravesana,  I,  304,  361  ; 

V,  307. 
cylindrica,  1, 361  ;  IV,  258,  293  ; 

V,  307, 313. 

fittoniy  I,  361  ;  II,  58,  72  ;  III, 

49;  IV,  258,  293;  V,  307,  313- 

granulata,    I,    299.    304,    361  ; 

IV,  253,  293  ;    V,  302,  307,  336. 

manUlli,  I,  304,  361  ;  V,  307. 

moniiis,  III,  37. 

SD.,  II,  72. 

Parson  s  Barn,  II,  32. 
Pavolunulites,  I,  329  ;  V,  302. 
Pay  Down,  V,  272,  276. 
Pecten    campantensis,    V,    320,    321, 

339- 

conceniricus,  II,  65. 

cretosusy  I,  364  ;  II,  65,  75  ;  III, 

50;  IV,  295;  V,  306,  321,339- 

mantellianusy  V,  306,  321. 

pexatus,  III,  22, 40,  50  ;  V,  296, 

300,  339. 
pukhellus  (campaniensis  est),  II, 

65. 

guinquecostatuSy  V,  339. 

Pegwell,  I,  295,  302   (pi.  x) ;    IV 

250. 
Pentaceros  boysi,  V,  338. 

bulhiferus,  V,  338. 

bullatus,  V,  338. 

pisHlliferus,  II,  73  ;  V,  338. 


THE  WHITE  CHALK   OF  THE   ENGLISH  COAST, 


349 


Pentacrinus,  I,  313,  317,  325,  326  ; 
II,  45.  46  ;  III.  34  38.  40.  42f  49  ; 

IV,  243,  293  ;  V,  338. 

agassisi,   II,  63,   72;   V,   294, 

296,  299,  338. 

dronniy  II,  63. 

Pentagonttsttr  nugaloplax^  V,  338. 
"  Peruvian,"  I.  348. 
Petrel  Hole,  IV,  213  (pi.  xxxviii). 
Fharetrospongia  siraAani,  I,  329.  33 1, 

361  ;  II,  71  ;  V,  307,  336. 
Phillips'  divisions  of  Chalk,  I,  293. 
Pholodoclctdia  ramosuSf  I,  360. 
Pinhay,    III.    3,    4,    17   (pis.  i,  ii, 

xiii). 
•*  Pinnacles,"  III,  21  (pi.  x). 
PiU,    difficulty   of    zoning    greatly 

«tagf  crated,  IV,  231  ;  V,  331. 
Pitt's  Farm,  Calbourne,  V,  271. 
Placotremi    cretaceum^    I,   361  ;     V, 

307,  336. 
Plastic  clay,  thickness  of,   in   I.  of 

Wight.  V.  332. 
PUurotomaria^  IV,  268  ;  V,  300. 
perspectwa,  I,  314,  365  ;   II,  46, 

75  ;   III,  8,  43,  50  ;  V,  297,  303, 

339. 

sp.,  IV,  295. 

PlicaUla  barroisi,  I,   310,   314,  329, 

365 ;  II.  46,  47, 75 ;  in,  36,  40, 

43,50;  V,  302,  321,  338. 

sigiilina,  I,  365  ;    II,  75  ;    HI, 

„5o;  IV,  295;  V,  338. 
PlttUkostlla,  V,  307. 

compacta,  1, 360  ;  II,  71  ;  V,  336. 

nodosa,  I,  360. 

squamosa,  I,  360 ;  V,  336. 

Plocoscyphta,  I,  317. 

convoluta,  I,  361  ;    II,  71  ;    III, 

49  ;  IV,  293  ;  V,  336. 

fenestrata,  V,  336. 

labrosa,  I,  361  ;  V,  336. 

Pluck  ham,  IV,  253,  268. 
Podoseris,  III,  37  ;  V,  298. 
Pollicipes  faOax,    II,    66,    76;     V, 

322. 

glaber,  I,  366  ;  V,  300,  337- 

Pofyolasttdium  racdmosum,  I,  360 ;  V, 

307. 
PortnafUigrana,  II,  65  ;  V,  322. 
PorocAomia  simpUx,  I,  360 ;  IV,  292  ; 

V,  307. 
PorosphiBra     (See     Hinde,     Quart, 

Journ,  Mkrosc.  Soc.,  1904,  pp.  i- 

25,  for  figures  and  nomenclature), 

I.  299.  304  ;  II,  58  ;  IV,  254,  258, 

267,  269,  293. 

arrecta,  IV,  293  ;  V,  307,  336. 

ghbularis,  I,  299,  304,  338,  344, 

361;  11,71;  III.  49;  IV,  293; 

V,  307, 310, 313, 323, 336. 


Porospkcgra    nuci/ormis  (olim    wootl- 

wardi  errore),   IV,  293  ;   V,  307, 

313,  323,  336. 

paUlliformis,W,2^l\    V,  336. 

ptldolus,!,  304,  344i  361  ;  11,67, 

72  ;   III,  49  ;   IV,  293 ;   V,  307, 

313, 323, 336. 

woodwardi,   I,   304,   344,   361  ; 

II,  58,  67,  72. 

(cushion  shape)  11,67  ;  V,  323, 

PortJUus,  I,  367. 

Portobello,  I,  336  (pi.  ix). 

Pot  Stones,  II,  37. 

Pound's  Pool,  III.  19. 

Preston's  Bower,  V,  227. 

Prior  (G.  T.),  Report  on  Siliceous 

Nodules,  V,  289. 
Prolospkyraena /4rox,  I,  367. 
PUria  (^Avicula')  cterulesctns^V ,^21, 

339. 
Ptychodus,  IV,  296. 
mammilariSy  I,  367;    III,   51; 

V,  295, 301, 339. 

polygyrus,  I,  367. 

Pug  Pit,  II,  38. 

Purbeck  Fault,  II,  7,  32  (pi.  viii). 
PycnasUr  angustatus,  V,  319,  338. 
Pyr^oma  cretacea,    II,   66,    76 ;    V 

322. 
RadioHUs  mortoni,  I,  319,  365  ;  III, 

36;  V,  297,*339. 
Ragadinia  sulcata,  I,  359. 
Raisthorpe,  IV,  268. 
Ramsgate,  I,  302  (pi.  x). 
Redcliflf,  I  (pi.  X). 
Red  colour  of  fossils  in  guadratus- 

zone,  II,   27 ;  in  mucronaia-'ZOTi^ 

V,  253,  254. 
Red  Hole,  II  (pi.  v). 
Rei^hton,  pits  at,  IV,  233,  242. 
Rettculopora  obliqua,  I,  309  ;  II,  46  ; 

V,  302. 
Rhyncholith,  III,  38,  50. 
Rkynchonella  cuvieri,  I,  317,  318,  325- 

364;  II,  44,  45,  74;   III,  32,  37, 

38,  40,  43,  50  ;   IV,  241,  244,  295  ; 

V,  293, 338. 

zone,  1, 292, 317,  321, 323  ; 

II,  6,  8,  19-22,  31,  33,  40 ;  III, 
8,  9-15,  18-23  (abnormal  at  Berry), 
25-29,  32-39;  IV,  199,  200-203, 
229,  240;  V,  217,  239.  257,  258, 
260,  262,  263,  268,  272-275,  277, 
280,  284. 

^— (name    of;,   I,   319; 

V,  293. 

limbata,  I,  310,  328,  345.364; 

11,57,63,74;   111,45;    IV,  268, 

295;  V,  302, 312, 319,338. 

var.    Untiformis,    II,    64  ; 

in,  45  ;V,  319- 
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Rhynchonella  plicatUis^  I,  300,  314, 
326,  333,  338,  345.  349.  364 ;  II, 
64,  74  ;  III,  32,  36,  40.  43.  45, 
50  ;  IV,  24s,  294 ;  V,  300,  302, 
309,  312,  320,  338. 

var  octoplicata^  I,  314,  345, 

364;  11,75;  V,  312,  320. 

nedemis,  I,  364  ;    II,  64,  74  ; 

III,  40,  43,  45.  50  ;  IV.  244,  252, 
255,  257,  262,  268,  29s  ;  V,  309, 
320.  338, 

wottdwardi^  I,  364  ;  III,  32,  40. 

Riggs,  IV,  2S3. 

Ringwould,  IV,  250,  273. 

Rock,  V,  275. 

Roe*8  Hall,  V,  227. 

Roedean.  I  (pi.  ix). 

Rottingdean,  I,  337,339,  349  (pL  «). 

Rousden,  III,  3,  10. 

Rowborough  Farm,  V,  277. 

Rowc  (A.  W.),  collection,  V,  324. 

Rowridge,  V,  278. 

Runton,  II,  67. 

Ruston  parva,  IV,  237,  265,  271. 

Ryde  Waterworks,  V,  263,  267. 

St.  Lucas'  Leap,  II,  32,  33. 

St.  Margaret's,  IV,  273. 

St  Margaret's  Bay,  I.  301,  302,  305 

(Dl.  X). 

St.  Mildred's  Bay,  I,  295. 

St.   Oswald's   Bay,   II,  3.  $,   xo,  19 

(pi.  ix). 
Salenia  geonutrua^  I,  300,  362  ;  II, 

55 ;  V,  317, 337. 

granulosa^  I,  318,  362  ;  II,  46, 

75 ;  III,  33,  38, 49  ;  IV,  241.  256, 
293  ;  V,  294,  296,  301,  317.  337. 

Salisbury,  I,  343,  349  ;  Hi  60,62-66  ; 

IV,  250,  257,  267,  271. 
Saltdean,  I.  337  (pi.  ix). 
Saltmore  Copse,  pit  at,  V,  266. 
Salts    in     the    inland     Chalk,     V, 

214. 
San  wick,   IV,   206,   207  (pis.  xxvi, 

xxxviii). 
Scale  Nab,  IV,  205,  232  (pis.  xziv, 

xxxviii.) 
Scalpellum  fossula,  I,  366 ;  II,  76  ;  V, 

332. 
maximum^  I,  366  ;  II,  76  ,*  III 

SI ;    IV,  2S4,  296 ;  V,  298,  300 

322,  337. 
Scaphanorhynchus  suhulatuSy    I,  367 ; 

III,  36  4S,  51. 
Scapkites,  IV,  237,  264,  265,  295. 

binodosuSy  IV,  265,  295. 

geinitzif  I,  366. 

inflatus,  IV,  265,  295. 

sp..  IV,  295. 

Scratchell's  Bay,  V,   227,   228,   233 

(pis.  xii-xiv). 


Scratchy  Bottom,  II,  16,  17  (pis.  iit, 

iv,  ix). 
Seaford  Head,  I,  332-335,  339,  34^, 

(pi.  ix). 
Seaton,  III,  11  (pi.  xiii). 
Selwicks   Bay,   IV,   215   (pis.  xxxi, 

xxxii,  xxxviii). 
Semicytis  rugosa^  V,  302,  306. 
Semieschara  arbor^a^  V,  322 

tuoodsi,  V,  322. 

Sepiifer  iineaius,  V,  312,  339. 
Sirpula  ampullacea^   I,   363  ;  II,  66, 

73  ;  III,  39, 50  ;  IV,  294  ;  V,  300. 

303,  307,  337. 
avita,  11,44;  lil.  34,  38,  5©  J 

V,  294,  337. 

cantiriata^  V,  322,  337. 

cincta,  V,  300,  303,  337. 

difformiSy  II,  66,  74. 

fluctuata.  I,  363;  II,  74;  III, 

50 ;  IV,  294 ;  V,  300,  303,  323, 337. 
gordtaiis,  I,  363;    II,  66,   73  ; 

V,  303, 337. 

granulata,  I,  363  ;  H,  73  *,  HI, 

50;  IV,  294;    V,  295,  300,  303, 

337. 
ilium,  I.  309,  313.  326,  344,  363  ; 

II,  46,  47,  58,  66,  73  ;  III.  44.  45, 

50  ;  IV,  294 ;    V,  300,  303.  307, 

313,  337. 
macropus,  I,  363  ;    II,  73  ;   HI. 

50  ;  V,  303,  337. 

pdHtangultUa,  V,  300,  337. 

piana,  I,  66,  74,  363  ;  HI.  5©  ; 

IV,  294  ;  V,  300,  303.  337. 

phnorbis^  II,  74. 

pUxus,    I,    363;    II,    74;     V. 

303.  307,  313.  337- 

pusiila,  V,  322,  337. 

sexanguiariSy  V,  323. 

turbin^lla,  I,  300,  331,  344,  363  ; 

II,  55.  58,  66,  73  ;  IV,  248,  253, 

294 ;  V,  307, 310, 313, 322, 337. 

sp.,  II.  74. 

sp.,  Ill,  50. 

sp.  (thin  smooth),  V,  300,  337. 

sp.  (6  or  7  angles),  V,  322,  337. 

Seven  Sisters,  I,  329,  330,  339.  3^6^ 
347  (pl-  ix). 

Sewerby  Cliff.  IV,  260-262,  265-267, 
271,  287  (pis.  XXX vi,  xxxviii). 

Shag  Rock,  V.  239,  242  (pi.  xix). 

Shakespeare's  Cliff,  I,  305,  316  (Pro» 
Geol.  Assoc.,  xvii  (4),  1901,  p. 
190). 

Shalcombe,  V,  256,  257. 

Shalcombe  Down,  V,  256. 

Sbeepwalk  Lane  Pit,  IV,  236. 

Sherborn  (C.  D.),  on  Tertiary  Sea- 
bottom,  V,  330  ;  on  Barrois  Map, 
331  ;  on  zonal  junctions,  331. 
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Sheringham,  II,  63,  67  ;  V,  323. 

Shide  Quarry,  V.  281. 

Shorebam.  I,  346 

Shorwell  Shuie,  V,  273. 

Siliceous  nodules,  V.  218,  234,  240, 

257,  261,  281,  283,  289  (pi.  xxii). 
Siphonia  koewgi  I,  3S9  ;  H,  71  ;  IV, 

292  ;  V,  307.  336. 
Sixpenny  Hill.  IV,  234,  250. 
Slcdmere,  IV,  253,  267,  268. 
South  Down  Common,  III,  20-22. 
South  Ferriby,  IV,  240,  241. 
South  Foreland,  I,  307,  310. 
South  Sea  Landing,  IV,  217,  249- 

251,  271  (pis.  XXXV,  xxxviii). 
Speeton,  IV,  198,  241,  242,  245  (pi. 

xxxviii). 
Speeton  Cliffs,  IV,  204,  243  (pis.  xxi- 

xxiii). 
Speeton  Gate  Pits.  IV,  235. 
Speeton  Station  Pits  IV,  233,  235. 
Spencer    (W.  K ),  on   Asteroid  os- 
sicles, V.  319 
Spines  of  Cardia^ter,  IV,  262  ;  Echi- 

Hocorysy  I,  340  ;  Holaster^  IV,  262  ; 

Micraster^  I,  340. 
Spinopoia  dixoni,  IV,  293  ;  V,  336. 
Spondyius,  IV,  245. 
duiempleoHuSj    I,  364  ;   II,   65, 

75;    III,   36,    40,    45,    50;    IV, 

258. 295 ;  V,  29s,  338. 
lotus,  I,  364 ;  II,  75 ;  III,  36, 

39,  40»  43,  50 ;  IV,  258,  295  ;  V, 

338. 

^— var.  aequicostatus  III,  36, 50. 

reyanuSf  I,  364. 

spinosus,   I,   364  ;    II,   65,   75  ; 

III.  40,  43,  45,  50 ;  V.  306,  321, 

338. 
Sponges,  II,  45,  67  ;  IV,  220,  254, 

258,  262-264. 
«  Spurious  Chalk  Rock,"  V,  219, 234, 

238,  241,  257,  260,  263,  264,  268, 

27s.  277,  281,  283  (pis.  xxii,  xxiii). 
Stag  Rock,  V,  22s  (pi.  ix). 
Standen  Copse,  pit  at,  V.  266. 
Stather  collection,  IV,  214,  226,  247, 

250,  265. 
SuUeta  tncbua,  I,  359  ;  IV,  293. 
SUphanopkyllia  bovatrbanki^  V,    297, 

336. 
michelini,  I,  361;   II,  66,  72; 

V,  307,  322. 
Stkkopkytna  tumidum,  I,  359  ;  II,  71, 

V,  307. 
Stone  Pit  Lane  Pit,  IV,  233. 
Stone  Pit  Wood  Pit,  IV.  236. 
Stottle  Bank  Nook,  IV,  214,  215, 

217  (pi.  xxxviii). 
Strahan  (A.),  on  Dorset,  II,  2  ;  on 

Isle  of  Wight,  V,  214-216. 


Studland  Bay,  II,  32,   33,   36,   38  ; 

IV.  261  ;  V,  314,  316. 
Sun  Corner,  V,  228,  233  (pi.  xii). 
Suture  partings,   IV,  225,  228,  289 
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43.  49  ;  IV,  246,  292  ;  V.  336. 
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Yarborough  Monument,  V,  236. 
Yarbridge,  pit  near,  V,  258. 
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EASTER    EXCURSION,   1908. 

The  Association  will  visit  the  Paris  Basin  at  Easter  under  the 
direction  of  Prof.  Dollfus  and  others,  and  the  following  pamphlet 
wiU  be  of  great  value  to  those  taking  part  In  the  Excursion. 

**  On  the  Eocene  and  Oligocene  Beds  of  the  Paris  Basin." 

By  Geo.  F.  Harris,  F.G.S.,  and  H.  W.  Burrows,  A.R.I.B.A. 

Uniform  with  PROCEEDINGS,/^,  vin,  129,  with  Index  of  Gentra  and  Gtntral  IndtM. 
13  Sections  in  the  text  and  a  folding  Map,    Price  3/-  (2/-  to  Members),     Postage^  3J. 

This  Paper  comprises : — (i.)  A  detailed  Description  of  the  Beds,  the  result 
of  several  years'  careful  study  of  the  Parisian  Tertiaries  and  close  communication 
with  many  eminent  French  geologists.  (2.)  A  practical  Guide  for  the  Field- 
Geologist  to  all  the  best  exposures,  based  on  fiersonal  experience.  (3.)  A  Revised 
List  of  the  Molluscs   showing  their  range  in  time,  with  Lists  of  other  Fossils. 
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THE  time  has  now  come  round  when,  in  accordance  with  the 
usual  custom,  I  have  to  address  you  at  the  end  of  my 
period  of  office.  The  past  year  has  been  an  uneventful  one  for 
us,  though  it  has  seen  the  completion  of  the  transfer  of  the 
Library  to  University  College,  which  was  sanctioned  last  year, 
and  the  beginning  of  the  fiftieth  year  of  our  existence.  Death 
has  taken  its  usual  toll  of  our  members,  and  among  those  we  have 
lost  are  two  veteran  geologists  of  distinction,  Sir  James  Hector 
and  Mr.  J.  F.  Walker,  but  fortunately  we  have  not  to  deplore, 
as  we  had  last  year,  the  loss  of  any  of  those  who  have  been 
intimately  connected  with  the  management  of  the  affairs  of  the 
Association. 

One  event,  however,  has  happened  during  the  year  which  has 
caused  considerable  stir  in  the  geological  world,  and  has  been  a 
landmark  in  the  history  of  geological  science.  I  mean  the 
celebration  of  the  Centenary  of  the  Geological  Society,  and  I  pro- 
pose to  make  it  the  subject  of  my  address  this  evening. 

The  state  of  geology  at  the  time  of  the  foundation  of  the 
Society  formed  the  subject  of  the  admirable  address  delivered  by 
the  President,  Sir  Archibald  Geikie,  at  the  time  of  the  celebra- 
tion, and  so  only  requires  a  very  brief  reference  from  me. 

When  the  Geological  Society  was  founded  a  hundred  years 
ago,  the  science  of  geology  as  we  know  it  can  scarcely  be  said  to 
have  existed.  The  name,  indeed,  was  first  used  in  1778  (the 
year,  curiously  enough,  in  which  Greenough  was  born),  but  its  own 
inventor,  De  Luc,  in  1809,  remarked  that  the  science  "was 
termed  geology  before  it  was  entitled  to  the  name."  Problems, 
more  or  less  connected  with  geology,  had  for  many  year? 
exercised  the  minds  of  individuals,  and  the  views  of  these 
writers  are  admirably  summarised  in  the  opening  chapters  of 
"  LyelFs  Principles."  Towards  the  end  of  the  eighteenth  century 
these  views  were  taking  a  more  definite  shape^  and  a  much  large 
number  of  persons  were  interesting  themselves  in  the  history  of 
the  earth,  attracted  by  the  teaching  of  Werner  in  Saxony,  and 
Hutton  in  Scotland;  but  their  energies  were  largely  wasted  in 
speculative  disputes  as  to  whether  the  sea  or  the  earth's  internal 
fires  had  the  greater  effect  on  the  origin  of  rocks  and  the 
evolution  of  the  present  form  of  the  earth,  and  hence  they  were 
dubbed  Neptunists  and  Vulcanists  respectively.  Such  was  the 
jealousy  between  the  rival  parties  that  Jameson,  a  fervent  disciple 
Pkoc.  Geol.  Assoc,  Vol.  XX,  Part  5,  1908.]  25 
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of  Werner  ("  System  of  Mineralogy,"  vol.  i,  p.  xx),  says  in  a  footnote 
to  his  definition  of  "  G^ognosie  " :  "  By  geology,  Werner  under- 
stands idle  and  imaginary  speculation  respecting  the  formation  ot 
the  earth" ;  while  Bakewell,  who  was  more  or  less  independent,  in 
his  "  Introduction  to  Geolog>',"  says  that  geognosy  and  geology 
are  synonymous,  but  adds,  in  a  footnote,  that  "the  term  'well- 
educated  geognost,'  as  used  by  some  writers,  denotes  a  perfect 
disciple  of  Werner  who  has  lost  the  use  of  his  own  eyes  by  con- 
stantly looking  through  the  eyes  of  his  master." 

It  is  difficult  for  us  to  imagine  that  a  hundred  years  ago  all 
that  language  of  geology,  which  comes  so  easily  to  its  present-day 
students,  though  it  sounds  such  gibberish  to  the  casual  visitor  to 
one  of  our  excursions,  was  practically  non-existent — but  so  it  was. 
Such  terms  as  Cambrian  and  Silurian,  dip  and  strike,  anticline 
and  syncline,  unconformity  and  denudation,  were  unknown, 
except  possibly  to  the  miner,  from  whom  some  of  them  were 
borrowed.  The  study  of  fossils  was  just  beginning,  though  it 
could  hardly  be  called  palaeontology  in  the  sense  that  we  under- 
stand it.  Petrology  was,  of  course,  not  known  till  many  years 
afterwards,  but  mineralog}'  attracted  many  students  and  had 
made  considerable  advances.  What  most  of  us  would  now  con- 
sider the  principal  branch  of  geological  science — namely,  strati- 
graphical  geology — was  undreamt  of  by  the  teachers  of  those  days; 
but  there  was  in  this  country  a  man  who,  as  the  result  of  his 
practical  observations,  had  already  come  to  the  conclusion  that 
certain  strata  could  be  known  by  their  fossil  contents,  and  that 
these  strata  always  have  a  definite  relation  to  each  other  in  order 
of  super-position,  and  he  had  coloured  geologically,  as  early  as  1 799, 
the  map  of  the  country  round  Bath.  This  was  the  germ  of  strati^ 
graphical  geology  which  gave  the  key  to  the  life-history  of  the 
earth,  and  the  discoverer  was  William  Smith,  who  was  rightly 
called  by  Sedgwick,  in  1831,  when  presenting  him  with  the  first 
Wollaston  Medal,  the  "  Father  of  English  Geology."  William 
Smith,  it  may  be  noted,  was,  like  another  geological  leader,  Cuvier,. 
bom  in  the  year  1769,  that  annus  mirabilis  which  saw  the  birth 
of  so  many  great  men,  to  name  only  Napoleon  and  Wellington. 
He  was  never  a  member  of  the  Geological  Society,  and  his  work 
was  for  some  time  not  much  noticed ;  but  in  the  end  he  had  full 
acknowledgment,  and  worthily  heads  that  list  of  great  geologists,, 
the  recipients  of  the  Wollaston  Medal. 

Foundation,  Constitution,  and  Early  History  of 
THE  Society. 

Such  was  the  state  of  affairs  when  on  November  13th,  1807^ 
a  company  of  eleven  gentlemen,  two  others  who  had  been  asked 
having  been  unable  to  join,  met  together  at  dinner  at  the 
Freemasons'  Tavern  and  founded  the  Geological  Society,  and 
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constituted  themselves  and  the  two  absentees  the  first  members. 
If  there  is  anything  in  superstition,  there  never  was  a  society 
which  began  under  more  unlucky  auspices.  Founded  by  thirteen 
people  on  the  thirteenth  day  of  the  month,  the  Society  had  also 
its  birthday  on  the  most  unlucky  of  all  days,  a  Friday !  The 
subsequent  history  of  the  Society  and  its  flourishing  condition 
to-day  has  shown  that  in  this  instance  the  prophets  of  evil,  if  any 
there  were,  were  at  fault.  Possibly  the  absence  of  two  of  the 
thirteen  saved  the  situation.  The  infant  Society  was,  however, 
nearly  strangled  in  its  cradle  soon  after  the  completion  of  its 
first  year  by  the  endeavour  of  the  Royal  Society  to  bring  it  into 
tutelage.  Had  it  not  then  been  for  the  determined  action  of 
Greenough  and  others  it  can  hardly  be  doubted  that  the  unlucky 
star  would  have  been  in  the  ascendant,  and  the  Society  would 
have  died  of  inanition. 

The  names  of  those  present  at  this  memorable  dinner  were  : 
Arthur  Aikin,  William  Allen,  Dr.  William  Babington,  James 
Louis  Count  de  Bournon,  Humphry  Davy,  Dr.  James  Franck, 
George  Bellas  Greenough,  Richard  Knight,  Dr.  James  Laird, 
James  Parkinson,  and  Richard  Phillips.  The  two  others  were 
William  Hasledine  Pepys  and  William  Phillips.  Of  these  only 
three  can  be  said  to  have  made  either  then  or  subsequently  their 
mark  in  geology,  namely,  Greenough,  Parkinson,  and  William 
Phillips,  though  Aikin  wrote  a  manuscript  account  of  the 
structure  of  Shropshire,  to  which  Murchison  acknowledged  his 
indebtedness.  He  was,  however,  more  of  a  chemist,  as  were 
Allen,  Pepys  and  Richard  Phillips.  Babington,  Franck,  Laird 
and  Parkinson  belonged  to  the  medical  profession.  Count  de 
Bournon,  a  French  tmigrk^  was  a  distinguished  mineralogist, 
and  Aikin,  Laird  and  Babington  had  also  paid  con- 
siderable attention  to  that  subject.  Knight  had  experimented 
on  the  result  of  fusion  of  rocks,  and  last,  but  not  least.  Sir 
Humphry  Davy,  as  he  afterwards  became,  was  the  well-known 
chemist  and  philosopher,  who  was  at  the  time  Secretary,  and 
afterwards  filled  the  chair,  of  the  Royal  Society.  A  fuller  account 
of  the  Founders  may  be  read  in  Mr.  H.  B.  Woodward's  "  History 
of  the  Geological  Society  of  London,"  and  I  may  take  this 
opportunity  of  expressing  my  indebtedness  to  the  author  for 
many  of  the  facts  contained  in  this  address. 

The  objects  of  the  Society  were  declared  to  be  "for  the 
purpose  of  making  geologists  acquainted  with  each  other,  of 
stimulating  their  zeal,  of  inducing  them  to  adopt  one  nomen- 
clature, of  facilitating  the  communication  of  new  facts,  and  of 
ascertaining  what  is  known  in  their  science,  and  what  yet  remains 
to  be  discovered."  The  idea  of  the  Society  was  to  be  a  monthly 
dining  club,  meeting  at  the  Freemasons'  Tavern,  but  the 
numbers  soon  grew  too  large  for  it  to  be  continued  in  this  way, 
and  after  permanent  rooms  had   been  engaged,   the  monthly 
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dinners  were  gradually  dropped.  Short  regulations  were  framed 
dealing  with  the  method  of  election,  introduction  of  visitors, 
subscriptions,  and  communications. 

At  this  first  meeting  Greenough  was  appointed  Treasurer, 
and  Dr.  Laird,  Secretary.  Nothing  is  said  about  a  President, 
but  the  minute  recording  these  facts  is  signed  by  Greenough, 
thus  showing  that  he  acted  as  Chairman  from  the  first 

At  the  second  meeting,  on  December  4th,  1807,  it  was 
decided  to  have  a  Patron  and  a  President.  The  Right  Hon. 
Charles  Francis  Greville,  who  had  formed  a  fine  collection  of 
minerals,  was  chosen  for  the  former  post,  and  Greenough  for  the 
latter,  his  place  as  Treasurer  being  filled  by  the  selection  of  Pepys. 
Forty-two  Honorary  Members  were  elected,  and  a  committee  was 
appointed  to  draw  up  a  code  of  rules.  At  this  meeting  the  first 
two  communications  were  made  to  the  Society  in  the  form  of 
exhibits  by  Mr.  Knight  and  Count  de  Bournon. 

At  the  next  meeting,  on  January  ist,  1808,  the  Rules  pro- 
posed by  the  committee  were  adopted.  The  declared  object  of 
the  Society  differs  somewhat  from  that  enunciated  at  the  first 
meeting,  the  concluding  words,  "and  of  ascertaining  what  is 
known  in  their  science,  and  what  yet  remains  to  be  discovered," 
being  altered  to  "and  of  contributing  to  the  advancement  of 
Geological  Science,  more  particularly  as  connected  with  the 
Mineral  History  of  the  British  Isles,"  an  alteration  which  can 
scarcely  be  said  to  be  an  improvement,  though  in  subsequent 
issues  of  the  Rules  this  last  paragraph  alone  appears  as  the  object 
of  the  Society's  institution.  The  Society  was  to  consist  of  a 
Patron,  a  President,  two  Vice-Presidents,  a  Treasurer,  a  Secretary, 
Ordinary  and  Honorary  Members.  The  officers,  except  the 
Patron,  were  to  be  elected  annually  by  ballot  Then  follow 
regulations  dealing  with  the  election  of  members,  conduct  of 
business  at  meetings,  subscriptions,  and  visitors.  A  committee 
composed  of  the  officers  and  three  members,  chosen  by  ballot, 
was  to  be  appointed  annually  to  act  as  Trustees  of  all  presents 
given  to  the  Society,  and  all  copimunications  were  to  be  approved 
by  this  committee  previous  to  their  being  read  before  the  Society. 
In  this  provision  we  see  the  beginning  of  the  Referee  system, 
which  has  often  been  the  subject  of  criticism  among  authors  of 
papers  and  the  Fellows  of  the  Society  generally.  The  two  Vice- 
Presidents  appointed  were  Davy  and  Dr.  Babington,  and  the 
three  first  elected  members  of  the  committee,  which  was  known 
as  the  Committee  of  Trustees,  were  Aikin,  Allen,  and  Richard 
Phillips.  In  1809  their  number  was  increased  to  five.  At  this 
meeting  the  first  two  papers  were  read  before  the  Society'  by  John 
Taylor,  an  Honorary  Member,  and  W.  H.  Pepys.  It  was  fuither 
memorable  for  the  foundation  of  the  Society's  Museum,  by  an 
offer  of  Dr.  Babington  to  present  a  cabinet  for  the  reception  of 
specimens,  which  soon  began  to  accumulate. 
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From  that  time  the  Society  began  to  increase  in  numbers^  for, 
during  1808,  36  Ordinary  Members  and  44  Honorary  Members 
were  elected.  These,  added  to  the  13  Original  Members,  the 
Patron,  and  the  first  batch  of  42  Honorary  Members,  brought 
the  numbers  up  to  136.  It  is  not  surprising  that  before  the  end 
of  the  year  the  Society  decided  to  engage  its  own  rooms,  and  in 
March,  1809,  these  were  found  at  No.  4,  Garden  Court,  Temple. 

Among  the  earliest  members  elected  was  Sir  Joseph  Banks, 
the  President  of  the  Royal  Society,  but  he  resigned  early  in  1809, 
alleging  that  the  Society  "  had  deviated  from  the  principles  which 
they  had  entertained  at  their  first  establishment."  How  they  had 
done  so  is  not  clear,  but  probably  Banks  was  alarmed  at  the 
growing  popularity  of  the  Society  and  their  independence  of 
action  in  deciding  to  have  a  home  of  their  own.  Following  on 
this  resignation,  a  "  Plan  for  consolidating  the  Geological  with  the 
Royal  Society  as  an  Assistant  Society"  was  proposed  by  Charles 
Greville,  the  Patron.  Put  shortly,  the  plan  was  that  the  Society 
should  consist  of  two  classes  of  subscribing  members,  the  first 
class  being  those  who  were  Fellows  of  the  Royal  Society,  who 
would  form  the  Council,  the  remainder  making  up  the  other  class, 
to  be  known  as  Assistant  Members.  The  Council  was  to  con- 
duct all  the  affairs  of  the  Society,  to  elect  members,  and  make 
bye-laws;  but,  while  the  President  was  to  be  elected  from  the 
first  class,  the  other  officers  could  be  chosen  from  the  members 
at  large.  All  papers  relative  to  geology  or  mineralogy  were  to  be 
communicated  to  the  Council  of  the  Royal  Society,  who  were  to 
select  such  papers  as  they  pleased  for  reading  before  that  Society, 
and  for  printing  in  the  "  Philosophical  Transactions,"  while  the 
Geological  Society  might  keep  any  papers  not  required  by  the 
Royal  Society,  and  publish  them  if  they  thought  fit,  at  their  own 
expense. 

It  is  difficult  to  believe  that  the  promoters  of  this  plan  seriously 
expected  the  Society  to  adopt  it,  and  thereby  commit  the  "  happy 
despatch,"  for,  as  I  have  already  said,  they  mu^  have  died  of 
inanition  in  a  few  years  had  they  done  so.  But  there  is  rio  doubt 
that  considerable  pressure  was  brought  to  bear,  and  it  must  be 
remembered  that  about  half  the  members  were  Fellows  of  the 
Royal  Society,  who  might  have  thought  that  they  ought  to  sup- 
port a  proposition  brought  forward  with  all  the  prestige  of  the 
senior  Society.  Good  sense,  however,  prevailed,  and  the  pro- 
posals were  rejected  at  a  special  meeting,  at  which  twenty 
were  present,  including  eight  of  the  original  members. 
Only  four  of  those  present  seem  to  have  been  Fellows  of  the 
Royal  Society,  so  possibly  many  of  those  stayed  away,  so  as  to 
give  the  others  the  opportunity  of  voting  on  what  principally 
concerned  their  interests.  The  credit  of  bringing  about  this 
result,  and  practically  saving  the  Society,  was  largely  due  to  the 
firmness  and  tact  of  Greenough,  to  whom  the  Society  was  thus 
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deeply  indebted,  a  fact  which  was  always  recognised  during  his 
life,  and  recalled  at  the  time  of  his  death  by  Hamilton,  the 
President,  in  reading  his  obituary  notice.  The  immediate  result 
of  the  rejection  of  the  plan  was  the  resignation  of  Greville  and 
Davy,  and  from  that  time  the  Society  did  without  a  Patron. 
Davy  rejoined  in  1 815,  by  which  time  no  doubt  the  wisdom  of 
the  Society's  action  was  generally  recognised.  Mr,  H.  B.  Wood- 
ward, in  his  Histor}',  has  quoted  some  remarks  of  Sir  William 
Huggins,  when  President  of  the  Royal  Society  in  1903,  in  which 
he  says  that  "  the  scientific  world  have  good  reason  to  rejoice 
over  the  wise  and  far-seeing  policy"  of  those  who  decided  to 
keep  the  young  Society  free  from  obligations  to  any  other  body. 
In  the  Address*  which  I  had  the  honour  to  present  to  the  Society 
in  your  name  at  the  celebrations  last  September,  this  incident  was 
recalled,  not  as  in  any  way  reflecting  on  the  action  of  the  Royal 
Society,  but  to  illustrate  the  consistent  course  of  conduct  of  the 
Geological  Society,  who,  having  freed  themselves,  never  placed 
any  obstacle  in  the  way  of  the  formation  of  other  bodies,  such  as 
our  own  Association  and  many  local  societies,  whose  aim  was  the 
study  of  geology.  That  their  interests  have  not  suffered  thereby 
is  certain;  on  the  contrary,  they  have  found  in  the  daughter 
societies  excellent  recruiting  ground,  and  a  means  has  been  pro- 
vided of  recording  many  geological  observations  which,  while  of 
considerable  local  interest,  are  not  of  such  general  importance  as 
to  warrant  their  publication  in  the  Journal  of  the  Geological  Society. 
Having  got  safely  over  these  early  troubles,  the  Society  went 
on  prospering,  and  never  looked  back.  About  this  time  they 
began  the  formation  of  a  Library,  and  early  in  the  next  year, 
1 8 10,  they  had  outgrown  their  premises  in  the  Temple,  and 
joined  with  the  Medical  and  Chirurgical  Society  in  taking 
No.  3,  Lincoln's  Inn  Fields.  In  the  same  year  permanent 
Trustees  were  appointed,  and  the  Committee  of  Trustees  who  had 
up  till  now  managed  the  affairs  of  the  Society  was  replaced  by  a 
Council  consisting  of  twenty-one  members,  of  whom  Greenough 
was  still  President.  Sir  John  St.  Aubyn,  Dr.  Babington,  Robert 
Ferguson,  and  Sir  Abraham  Hume  were  Vice-Presidents;  Dr. 
Laird  and  Leonard  Horner,  Secretaries  ;  Pepys,  Treasurer ;  and 
Count  de  Bournon,  Foreign  Secretary.  In  18 11,  at  the  instance 
of  Greenough,  a  resolution  was  passed  limiting  the  term  of 
office  of  President  to  two  years,  and  this  rule  has  been  always 
adhered  to,  though,  as  I  pointed  out  in  my  address  last  year,  the 
terms  of  the  subsequent  Charter  made  the  passing  of  a  bye-law 
to  that  effect  ultra  vires.f  In  accordance  with  this  resolution, 
Greenough,  after  serving  two  more  full  years,  resigned  the 
Presidency  in  181 3,  after  having  held  it  for  five  years  and  three 
months  from  the  foundation  of  the  Society.     He  was  in  subse* 

♦  See  foot  p.  376. 

t  Proc,  Gtol,  /issoc»,  vol.  xz,  p.  ax. 
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quent  years  twice  re-elected  to  the  office.  After  1810  no  more 
Honorary  Members  were  elected,  and  from  1814  onwards  they 
were  replaced  by  Foreign  Members. 

The  year  iSii  saw  the  issue  of  the  first  of  the  Society's 
publications,  Vol  I.  of  the  Transactions^  while  in  181 2  the  first 
of  a  long  series  of  able  permanent  officials  was  appointed  in  the 
person  of  Thomas  Webster,  who  was  made  Keeper  of  the 
Museum  and  Draughtsman.*  The  Library  and  Museum  con- 
tinued to  grow,  and  in  t8i6  another  move  was  made  to  No.  20, 
Bedford  Street,  Strand.  In  1820  Greenough's  Map  was  published. 
He  had  been  at  work  on  it  since  1808. 

We  now  come  to  a  most  important  event  in  the  history  of  the 
Society,  by  which  its  constitution  was,  as  it  were,  crystallised.  I 
mean  its  incorporation  by  Royal  Charter.  The  date  of  the 
Charter  is  April  23rd,  1825,  and  the  Society  was  incorporated 
under  the  name  of  "  The  Geological  Society  of  London,"  instead 
of  "  The  Geological  Society,"  under  which  title  it  was  founded. 
The  declared  object  of  the  Society  is  simply  "  for  investigating  the 
Mineral  structure  of  the  Earth,"  and  it  is  stated  that  considerable 
sums  of  money  have  been  expended  "in  the  purchase  and  collection 
of  books,  maps,  specimens  and  other  objects  and  in  the  publica- 
tion of  various  works."  Two  classes  are  mentioned.  Fellows  and 
Foreign  Members,  the  number  of  Fellows  being  indefinite.  The 
first  Fellows  are  declared  to  be  the  Rev.  William  Buckland,  Arthur 
Aikin,  Dr.  John  Bostock,  George  Bellas  Greenough,  and  Henry 
Warburton.  Of  these  Buckland  was  the  elected  President  for  the 
year,  Dr.  Bostock  was  his  successor  in  office,  Aikin  and  Greenough 
were  Founders,  and  Warburton,  who  was  elected  in  1808,  had 
been  largely  instrumental  in  securing  the  grant  of  the  Charter. 
They  are  directed  to  appoint  before  the  next  annual  meeting  in 
February  such  other  persons  to  be  Fellows  and  Foreign  Members 
as  they  think  fit,  and  they  are  until  that  time  appointed  to  be  the 
first  Council,  Buckland  being  President.  At  the  Annual  Meeting 
one-fifth  or  more  of  the  Council  must  be  removed  by  a  ballot  of 
the  Fellows,  and  others  elected  so  as  to  bring  the  Council  up  to 
twenty-three.  From  among  the  Council  thus  constituted  the 
Fellows  are  to  elect  by  ballot  a  President,  and  as  many  Vice- 
Presidents,  Secretaries,  and  Treasurers  as  they  shall  think  proper. 
From  and  after  the  first  annual  meeting  the  Fellows  are 
empowered  to  elect  or  remove  Fellows  and  Foreign  Members  by 
ballot  at  general  meetings,  to  appoint  officers  and  servants,  and  to 
make  such  orders  and  bye-laws  as  shall  appear  useful  for  the 
government  of  the  Society,  and  for  settling  certain  specified 
matters,  with  power  to  alter,  suspend,  or  repeal  such  orders  and 
bye-laws,  with  a  proviso  that  they  must  not  be  repugnant  to  the 
Charter  or  the  laws  of  the  Realm. 

In  accordance  with  the  directions  contained  in  the  Charter 

*  Ths  Society  had  already  a  collecting  clerk. 
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the  Council  of  five  proceeded  to  appoint  as  additional  Fellows 
practically  all  the  existing  members  to  the  number  of  367,  and  as 
there  was  no  provision  in  the  Charter  for  Honorary  Members, 
they  gave  them  the  choice  of  becoming  Fellows  in  the  ordinary 
way,  but  without  ballot.  Only  six  availed  themselves  of  this 
offer ;  the  remainder,  numbering  upwards  of  fifty,  were  allowed 
to  remain  on  the  list  with  the  same  privileges  as  Foreign 
Members.  At  the  next  annual  meeting  the  full  Council  of 
twenty-three  was  elected,  and  in  1827  the  first  set  of  Bye-Laws 
was  adopted,  not  differing  materially  from  those  now  in  force, 
though  they  have  naturally  been  amended  in  detail  from  time  to 
time  to  suit  altered  ideas  and  requirements.  The  number  of 
Foreign  Members  was  by  the  first  Bye-Laws  declared  to  be 
unlimited,  though  it  is  not  so  stated  in  the  Charter,  and  in  1863 
it  was  fixed  at  forty.  In  the  Bye-Laws  one  of  the  secretaries  is 
designated  as  the  Foreign  Secretary,  and  the  practice  since  the 
granting  of  the  Charter  has  been  to  have  two  ordinary  Secretaries, 
one  Foreign  Secretary,  one  Treasurer,  and  four  Vice-Presidents, 
except  in  1826,  when  there  were  three  ordinary  Secretaries,  and 
in  1845,  when  there  was  only  one. 

The  Charter  cost  the  Society  nearly  ;;£^4oo  in  fees  and 
stamps,  but  this  expenditure  can  be  looked  on  as  a  good 
investment,  because  there  can  be  little  doubt  that  it  paved 
the  way  to  the  grant  by  the  Government  of  rooms  in  Somerset 
House.  This  took  place  in  1828,  and  it  is  interesting  to 
note  that  the  grant  was  made  through  the  mediation  of  the 
President  and  Council  of  the  Royal  Society,  the  President 
being  Davies  Gilbert,  who  was  on  the  council  of  the  Geological 
Society.  A  capital  expenditure  of  about  ;^i,5oo  was  required  to 
adapt  the  rooms  to  the  Society's  purposes,  and  a  further  sum  of 
;^i,ooo  was  expended  six  years  later,  when  the  accommodation 
was  still  further  increased.  Nearly  jCijSoo  of  the  required 
amount  was  raised  by  subscription  among  the  Fellows  on  these 
two  occasions,  and  though  the  amount  expended  (including  the 
cost  of  the  Charter)  was  thus  nearly  jCsjOoo,  the  Society,  it  will 
be  seen,  were  the  gainers,  when  it  is  remembered  that  they  had 
as  much  space  as  they  then  required  rent  free,  instead  of  the 
inadequate  accommodation  of  the  Bedford  Street  house,  for 
which  they  had  to  pay  jC^s^  a  year  in  addition  to  a  premium. 
Subsequently,  in  1874,  the  removal  to  the  present  rooms  at 
Burlington  House  cost  nearly  ;^2,ooo,  and  once  more  the 
generosity  of  the  Fellows  came  to  the  rescue,  and  a  sum  of  over 
;;^i,ooo  was  raised  by  subscription. 

With  the  Charter  the  history  ot  the  Foundation  and  Constitu- 
tion of  the  Society  may  be  said  to  end,  the  most  notable  events  in 
subsequent  years  being  the  establishment  of  the  Quarterly 
Journal  in  1845,  and  the  removal  to  Burlington  House.  The 
Bye-Laws  have  from  time  to  time,  as  I  have  already  said,  been 
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revised,  notably  in  1889,  when  they  were  carefully  gone  through 
by  a  committee  and  to  a  certain  extent  re-cast 

Perhaps  the  most  important  addition  to  the  Bye-Laws  was  the 
creation,  in  1863,  of  a  class  of  Foreign  Correspondents,  not  pro- 
vided for  in  the  Charter,  from  whom  the  Foreign  Members  are 
selected.  A  proposal  by  the  Council  to  create  a  somewhat  similar 
class  of  Lady  Associates  was  the  subject  of  debate  at  a  Special 
General  Meeting  last  year,  with  the  difference  that,  whereas  the 
Foreign  Correspondents  are  given  no  privileges,  the  Associates  were, 
on  a  reduced  scale  of  payment,  to  have  practically  all  the  rights  of 
Fellows,  except  the  power  of  voting  at  meetings  and  taking  part 
in  the  government  of  the  Society.  The  proposal  was,  however, 
thrown  out  by  a  small  majority,  and  it  would  seem  from  the 
speeches  made  on  that  occasion  that  the  opposition  was  con- 
siderably reinforced  by  the  advocates  of  the  admission  of  ladies 
as  full  Fellows,  who  were  determined  to  have  no  half-measures. 
This,  however,  is  a  thorny  subject,  and  it  was  fully  dealt  with  in 
my  address  last  year.* 

Certain  other  matters  have  exercised  the  Fellows  from  time  to 
time,  and  have  been  the  subject  of  Special  General  Meetings.  Of 
these  the  chief  are  the  Museum  and  the  method  of  selection  of 
papers.  With  the  latter  subject  I  also  dealt  rather  fully  in  my 
address  last  year,t  and  shall  mention  it  incidentally  later  on.  As 
to  the  Museum,  which  dates,  as  we  have  seen,  from  1808,  it  is  a 
very  important  collection,  and  it  must  be  admitted  that  it  does  not 
receive  the  care  or  attention  that  it  deserves.  This  is  not  the  fault 
of  the  Council  or  Officials,  but  of  circumstances,  the  chief  of  which 
are,  on  the  one  hand,  the  more  urgent  requirements  of  the  Library, 
which  swallow  up  all  the  available  funds,  and,  on  the  other,  the 
growth  and  easy  accessibility  of  other  museums.  The  retention 
of  the  Museum  is  largely  a  matter  of  sentiment,  the  collections 
having  been  practically  all  acquired  by  gift,  and  I,  for  one,  think 
they  should  be  retained  as  long  as  possible ;  but  some  day  the 
requirements  of  the  Library,  in  the  way  of  space,  will  force  the 
hand  of  the  Council,  and  it  will  then  have  to  decide  on  the  future 
home  of  the  Museum,  and  on  the  conditions  under  which  it  is  to 
be  parted  with. 

The  Jubilee  of  the  Society. 

By  November,  1857,  the  Society  had  been  in  existence  for  fifty 
years,  but  the  event  seems  to  have  passed  without  any  notice. 
This  seems  odd,  but  it  may  be  remarked  that  not  one  of  the 
original  Founders  was  then  living.  The  last  survivor  was  Pepys, 
who  died  in  1856,  but  he  had  resigned  his  Fellowship  in  1829. 
Richard  Phillips  had  died  in  185 1,  Aikin  in  1854,  and  Greenough 

*  Proc.  Gtol.  Assoc,  vol.  xx,  p.  33. 
t  Loc.  cU.,  p.  31. 
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in  1855  ;  all  the  others  much  earlier.*  Our  own  Association  was 
founded  just  a  year  after  this  event,  and  we,  as  you  have  heard 
from  the  Annual  Report  that  has  been  read  this  evening,  are 
fortunate  in  being  able  to  commemorate  our  jubilee  by 
honouring  three  of  those  who  assisted  in  our  foundation.f  Of  the 
Society's  Council  for  1857  there  are  still  two  survivors,  the  Earl 
of  Ducie  and  Prof.  Story  Maskelyne,  and  though  not  on  the 
Council  that  year,  Sir  Joseph  Hooker  (1852),  Sir  Richard 
StracheyJ  (1853),  and  Dr.  Sorby§  (1856)  had  all  served  on  the 
Council  before  the  Jubilee  year.  In  the  list  for  1907  there  are 
no  less  than  twenty-three  names  dating  from  1857  or  earlier,  of 
whom  the  Rev.  W.  H.  Egerton  was  elected  in  1832,  and  has 
therefore  been  a  Fellow  for  nearly  seventy-six  years.  Four 
others,  including  Sir  Joseph  Hooker  (elected  in  1846),  have  sixty 
years  to  their  credit.  Of  the  rest  we  may  mention  Dr.  Sorby, 
elected  in  1850,  Sir  R.  Strachey  in  185 1,  the  Rev.  O.  Fisher  and 
Prof.  T.  Rupert  Jones  in  1852,  the  Earl  of  Ducie  and  Mr.  H.  H. 
Howell  in  1853,  Prof.  N.  Story  Maskelyne  in  1854,  Lord  Avebury, 
Professor  Hull,  and  one  of  our  own  Founders,  Mr.  J.  E.  Saunders, 
in  1855,  and  Sir  John  Evans  in  1857.  Sir  Archibald  Geikie,  the 
President  for  the  Centenary  year,  and  Mr.  Whitaker  fall  only  two 
years  short,  having  been  elected  in  1859.  It  may  also  be  noted 
that  at  the  time  of  the  Jubilee  Prof.  T.  Rupert  Jones  was  filling 
the  position  of  Assistant  Secretary. 

The  Aim  and  Work  of  the  Society. 

From  the  first  the  Geological  Society  set  out  with  the  idea  of 
collecting  and  communicating  facts,  and  this  aim  has  always  been 
maintained,  anything  in  the  nature  of  speculation,  other  than 
legitimate  inferences  drawn  from  facts,  being  systematically  dis- 
couraged. This  was  very  sound,  and  I  may  well  quote  Lyell, 
who,  in  the  fourth  chapter  of  his  "  Principles,"  writing  of  the 
foundation  of  the  Society,  says  : 

"  But  although  the  reluctance  to  theorise  was  carried  somewhat 
to  excess,  no  measure  could  be  more  salutary  at  such  a  moment  than 
a  suspension  of  all  attempts  to  form  what  were  termed  *  theories  of 
the  earth.'  A  great  body  of  new  data  was  required ;  and  the  Geo- 
logical Society  of  London,  founded  in  1807,  conduced  greatly  to 
the  attainment  of  this  desirable  end.  To  multiply  and  record 
observations,  and  patiently  to  await  the  result  at  some  future 
period,  was  the  object  proposed  by  them ;  and  it  was  their 
favourite  maxim  that  the  time  was  not  yet  come  for  a  general 

*  Leonard  Horner,  Warburton,  and  Rev.  E.  J.  Burrow,  each  of  whom  was  elected  In 
z8o8,  were  still  living,  and  Horner  was  a  Vice*  President  for  that  year.  He  lived  till  1864, 
and  wa3  President  for  the  second  time  from  x86o  to  1862. 

t  See  foot  p.  387. 

t  Sir  Richard  Strachey  died,  aged  90,  on  February  lath,  1908,  a  few  days  after  this 
Address  was  delivered. 

§  Dr.  Sorby  died,  aged  8z,  on  March  9th,  1908,  whilst  these  pages  were  passing 
through  the  press. 
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system  of  geology,  but  that  all  must  be  content  for  many  years 
to  be  exclusively  engaged  in  furnishing  materials  for  future 
generalisations.  By  acting  up  to  these  principles  with  consist- 
ency, they  in  a  few  years  disarmed  all  prejudice,  and  rescued  the 
science  from  the  imputation  of  being  a  dangerous,  or  at  best  but 
a  visionary  pursuit." 

Fitton,  in  reviewing  a  volume  of  the  Transactions  in  the 
Edinburgh  J^evietv  {vol,  28,  p.  174),  says  the  papers  were  char- 
acterised by  "  strict  experiment  or  observation,  at  the  expense  of 
all  hypothesis,  or  even  of  moderate  theoretical  speculation." 
This  system  can  of  course  be,  and  sometimes  has  been,  carried 
too  far ;  but  it  has  not  prevented,  for  instance,  the  publication  of 
such  a  paper  as  the  classic  one  by  Godwin  Austen  "On  the 
Possible  Extension  of  the  Coal-Measures  Beneath  the  South- 
Eastem  Part  of  England." 

The  first  idea  of  the  founders  of  the  Society  was,  as  has  been 
already  said,  a  dining  club,  where  the  members  could  meet  for 
discussion  and  exchange  of  views,  but  they  soon  extended  their 
methods  of  carrying  out  their  original  aim  as  above  defined. 
The  fundamental  notion  of  meeting  has,  however,  always  retained 
the  first  place,  and  must  have  proved  of  immense  value  to 
the  science  and  to  its  individual  followers,  who  could  meet 
each  other  on  common  ground,  and  join  in  public  discussion  or 
private  conversation  at  the  fortnightly  meetings.  The  other 
methods  which  have  been  adopted  by  the  Society  for  furthering 
the  progress  of  geology  have  been  the  amassing  of  the  collections 
known  as  the  Museum,  to  which  reference  has  already  been 
made ;  the  formation  of  the  splendid  lending  library  of  geological 
literature  and  maps  now  at  Burlington  House ;  the  bringing  out 
and  revising  from  time  to  time  of  Greenough's  Map,  which  for 
years  held  the  first  place  as  a  geological  map  of  England  and 
Wales  on  such  a  scale  (6  miles  to  the  inch),  till  it  was  practically 
superseded  a  few  years  ago  by  the  fine  Index  Map  (4  miles  to  the 
inch)  brought  out  by  the  Geological  Survey ;  and  last,  but  not 
least,  the  long  series  of  publications  issued  by  the  Society  under 
various  names. 

The  publications  have  been  very  fully  described  by  Mr. 
Woodward  in  his  History,  and  so  may  be  dealt  with  very 
shortly  here.  First  came  the  quarto  Transactions,  of  which 
Volume  I  wks  published  in  181 1.  There  were  five  volumes,  the 
last  two  being  each  in  two  parts,  the  last  part  coming  out  in  182 1. 
These  were  followed  by  a  second  series,  commencing  in  1822, 
and  concluding  in  1856,  during  which  period  seven  volumes  were 
published,  each  consisting  of  two  or  more  parts.  The  appearance 
of  these  volumes  or  parts  was  very  irregular,  and  as  this  often 
affected  an  author  injuriously  in  the  matter  of  priority,  and  caused 
delay  in  bringing  valuable  information  before  other  workers,  the 
expedient  was  devised  of  publishing  accounts  of  the  meetings, 
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with  brief  abstracts  of  the  papers  read,  in  an  octavo  form  known 
as  The  Proceedings,  These  began  in  1827,  and  were  issued  at 
short  intervals,  proving  very  useful,  till  they  were  merged  in 
the  Quarterly  Journal  in  1846.  The  last-named  famous  serial 
began  in  1845,  in  octavo  form,  and  has  continued  to  appear 
regularly  from  that  time  to  the  present,  the  last  number  issued 
being  that  for  November,  1907,  or  No.  252,  completing  the  63rd 
volume.  In  1897  an  index  to  the  first  fifty  volumes  was  issued, 
compiled  by  Mr.  L.  L.  Belinfante,  the  assistant  secretary.  Of  this 
work  I  can  only  say,  that  it  has  thoroughly  deserved  the  praise 
that  has  been  bestowed  on  it  by  all  who  have  had  occasion  to  use 
it.  Other  publications  of  the  Society  have  been  G.  W.  Ormerod's 
"Classified  Index"  to  the  Society's  publications;  J.  F.  Blake's 
arrangement  of  Mr.  C.  Davies  Sherborn's  manuscript  catalogue  of 
the  "  Type  and  Figured  Specimens  "  in  the  Museum ;  Hutton's 
"Theory  of  the  Earth,"  vol.  iii ;  the  annual  series  of  "  Geological 
Literature  added  to  the  Library,"  the  material  for  which, 
prior  to  1895,  was  included  in  the  Quarterly  Journal  \  and 
the  "Abstracts  of  Proceedings "  started  in  1857.  Mr.  Sherbom 
is  now  at  work  on  a  comprehensive  card  catalogue  of  the 
Library,  which,  when  completed,  will  form  a  valuable  addition 
to  the  publications  of  the  Society,  if  the  Council  decide  to 
print  it.  Mention  should  also  be  made  of  the  "  History  of  the 
Geological  Society  of  London,"  by  Mr.  H.  B.  Woodward, 
published  in  connection  with  the  centenary  celebrations,  to 
which  I  have  already  expressed  my  acknowledgments. 

As  to  the  work  of  the  Society,  it  is  to  be  found  in  the  various 
published  volumes,  and  to  enter  on  a  description  of  it  would  almost 
involve  a  history  of  geology  for  the  last  hundred  years.  It  may 
be  said  that  there  is  no  subject  of  geological  interest  which  has 
not  come  before  the  Society  in  some  form,  and  hardly  any  part  of 
the  world  has  escaped  the  notice  of  the  contributors  to  its  publi- 
cations. Mr.  Woodward  has  given  an  epitome  of  most  of  the 
important  subjects  which  have  engaged  the  attention  of  the 
Fellows  up  to  a  comparatively  recent  period.  It  will  suffice  to 
mention  some  of  the  more  controversial.  They  include  the 
Cambrian  and  Silurian  disputes  between  Sedgwick  and  Murchison, 
the  attacks  on  Devonian  orthodoxy  by  Jukes,  and  later  by  Hicks, 
the  North-west  Highland  succession,  the  Glaciation  of  Britain, 
Eozoon  canadense^  the  Precambrian  Rocks,  and  the  Antiquity  of 
Man. 

Into  the  merits  of  the  Cambrian  and  Silurian  controversy  I 
do  not  propose  to  enter.  The  hatchet  has  been  buried,  and  the 
"  blessed  word  "  Ordovician  written  as  its  epitaph,  but  it  cannot 
be  denied  that  the  treatment  of  Sedgwick  by  the  Council  on  two 
occasions  was  unfortunate,  and  calculated  to  provoke  resent- 
ment. The  first  was  in  1843,  and  arose  out  of  the  proposed 
reduction  by  Warburton,  the  President,  to  a  fit  state  for  publi- 
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cation  of  the  two  papers  he  had  read  that  year  on  "  The  Structure 
of  North  Wales,"  and  "  The  Older  Palaeozoic  Rocks."  Sedgwick 
willingly  agreed  to  this,  but  he  was  not  prepared  for  the  way  in 
which  War  burton  deliberately  altered  them,  so  as  to  bring  about 
what  he  thought  was  a  compromise,  and  then  sent  them  to  press 
without  allowing  the  author  to  see  the  proofs.  The  second 
occasion  was  in  1852,  when  a  paper  of  his  on  the  "Classification 
and  Nomenclature  of  the  Lower  Palaeozoic  Rocks  "  was  ordered 
to  be  printed  in  an  abstracted  form,  but  by  some  mistake  was 
printed  in  full,  whereupon  the  number  was  ordered  to  be 
recalled  and  the  offending  passages  cancelled.  The  wording 
of  the  resolution  by  which  this  was  effected  was  not  at  all 
happy,  and  the  usual  consequences  of  attempting  to  correct 
a  mistake  followed.  Sedgwick  thought  it  was  intended  to 
cast  a  reflection  on  him,  and  the  resolution  was  afterwards 
rescinded,  and  another,  in  the  nature  of  an  apology,  passed. 
The  selection  of  papers  for  reading  or  publication  has, 
as  we  have  seen,  been  controlled  from  the  very  first  (see  p.  356). 
As  I  argued  in  my  address  last  year,  it  is  difficult  to  see  how  this 
could  be  otherwise,  but  much  depends  on  the  way  in  which  the 
selections  are  made.  There  have  no  doubt  been  mistakes  in  the 
past ;  papers  have  been  published  that  had  better  have  been 
consigned  to  oblivion,  and  others  have  been  rejected  for  reasons 
which  it  is  difficult  to  understand.  As  a  rule  not  much  hardship 
has  been  done  to  the  author,  for  if  the  paper  is  really  worth 
printing  some  other  medium  has  generally  been  found  for 
bringing  it  before  the  public,  and  in  some  cases  such  rejected 
papers  have  become  classics.  I  need  only  refer  to  Charlesworth's 
paper,  in  1835,  on  the  "  Crag  Formation  "  ;  that  of  Searles  Wood, 
jun.,  in  1864,  on  "  The  Drift  of  the  East  of  England  "  ;  and  that  of 
Mr.  Whitaker,  in  1867,  on  "  Subaerial  Denudation."  I  myself 
beheve  that  much  more  satisfactory  results  will  be  obtained 
under  the  new  system,  which  has  been  in  force  for  the  last  three 
or  four  years,  of  fully  discussing  a  paper  before  a  permanent 
publication  committee  instead  of  allowing  a  single  ad  hoc  referee 
to  report  to  the  full  Council.  At  any  rate  there  is  more  chance 
of  consistency  in  the  decisions  of  the  Committee. 

Besides  the  actual  work  done  by  the  Society,  their  influence 
has  often  made  itself  felt,  notably,  as  Mr.  Woodward  has  pointed 
out,  in  the  formation  of  the  Government  Department  known  as 
the  Geological  Survey. 

One  method  of  forwarding  geology  has  never  been  adopted 
by  the  Society ;  I  mean  the  organisation  of  excursions  to  places 
of  geological  interest.  We,  at  any  rate,  ought  not  complain,  as 
they  have  left  the  field  clear  for  us,  and  there  can  be  no  doubt 
that  we  have  reaped  a  considerable  advantage  in  membership 
thereby.  This  gives  me  the  opportunity  of  mentioning  that  our 
relations  with  the  Society  are,  as  they  have  been  for  many  years, 
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most  cordial.  There  was  a  time  when  we  seemed  a  little  doubt- 
ful of  their  attitude  towards  us,  as  the  following  passage  from  an 
early  number  of  our  "  Proceedings  "  will  show,  the  occasion  being 
an  excursion  to  Watford  in  1875,  when  the  President  of  the 
Society,  Mr.  John  Evans,  as  he  then  was,  acted  as  Director  :  "  In 
proposing  a  vote  of  thanks  to  the  Directors,  Mr.  Lobley  reminded 
the  Members  that  that  was  the  first  occasion  on  which  they  had 
been  led  by  a  President  of  the  Geological  Society,  and  he  trusted 
that  this  might  be  taken  as  evidence  of  the  good  will  now 
existing  between  the  two  societies,  each  of  which  he  hoped 
would  continue  to  act  vigorously  in  its  own  way ;  the  Geological 
Society  promoting  the  advancement,  while  the  Geologists'  Asso- 
ciation furthered  the  diffusion,  of  geological  knowledge,"  * 

The  excellence  of  our  present  relations  can  best  be  illustrated 
by  the  frequency  of  the  interchange  of  officers  between  the  Society 
and  the  Association.  From  1892  to  1902  five  consecutive  Presi- 
dents of  the  Society  had  previously  been,  or,  in  one  case,  afterwards 
became.  Presidents  of  the  Association.  Mr.  Hudleston,  Dr.  Henry 
Woodward,  the  late  Dr.  Hicks,  and  Dr.  Teall  had  all  served  us  first, 
while  Mr.  Whitaker,  who  came  to  our  chair  straight  from  that  of 
the  Society,  enjoys  the  unique  distinction  of  having  been,  for 
exactly  a  fortnight,  President  of  both  bodies.  Two  of  our  Pre- 
sidents, the  late  Professor  Wiltshire  and  Mr.  Monckton,  have 
served  the  Society  as  Treasurer,  and  five,  Professor  Wiltshire, 
Mr.  Hudleston,  Dr.  Hicks,  Dr.  Teall,  and  myself,  as  Secretaries. 
At  the  present  moment  Mr.  Monckton  and  Professor  Garwood 
are  doubling  the  offices  respectively  of  Treasurer  and  Secretary  of 
the  Society  with  those  of  Editor  and  Librarian  ^of  the  Associa- 
tion, just  as  I  myself  did  for  some  time  the  office  of  Secretary  of 
the  Society  with  that  of  Treasurer  of  the  Association.  Your 
newly-elected  President,  Professor  Watts,  still  remains  Secretary 
of  the  Society,  an  office  which  he  has  filled  for  many  years  with 
conspicuous  ability. 

The  Council  and  Officers. 

As  I  have  already  pointed  out,  the  management  of  the  Society 
was,  till  1 8 10,  in  the  hands  of  a  committee,  called  the  Committee 
of  Trustees.  It  consisted  at  first  of  eight,  and  afterwards  of  ten, 
persons.  The  first  Council,  in  18 10,  was  twenty-one  in  number, 
but  from  181 2  to  1822  there  were  two  Treasurers,  and  from  1823 
to  1827  three  Secretaries  (besides  the  Foreign  Secretary),  and  the 
number  of  the  Council  varied  accordingly.  Since  1826  it  has 
been  twenty-three,  as  fixed  by  the  Charter;  and,  though  the 
Charter  allows  an  indefinite  number  of  Vice-Presidents,  Treasurei-s, 
and  Secretaries  provided  the  prescribed  number  of  the  Council  is 
not  exceeded,  in  practice  the  numbers  have  almost  always  been  the 

*  Proc,  Geol  Assoc,,  vol.  iv,  p.  285, 
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same — namely,  four  Vice-Presidents,  one  Treasurer,  and  three 
Secretaries,  of  whom  the  Foreign  Secretary  is  one,  the  only 
exceptions  being  1826,  when  there  were  three  Secretaries  besides 
the  Foreign  Secretary,  and  1845,  when  there  was  only  one.* 

Mr.  H.  B.Woodward,  in  his  History,  has  printed  a  complete  list 
of  the  members  of  the  Council  (including  the  Committee  of 
Trustees),  and  in  this  list  will  be  found  the  names  of  most  of  the 
distinguished  geologists  of  the  last  hundred  years.  Others  have 
been  chosen  for  their  knowledge  of  business  matters,  or  for  their 
special  interest  in  the  Society.  Many  names  occur  of  persons 
who  have  attained  celebrity  outside  the  walls  of  the  Society,  such 
as  Darwin,  Davy,  Faraday,  Sir  Joseph  Hooker,  Huxley,  Owen,  and 
Wollaston,  among 'scientific  men;  Sir  John  Herschel  and  Lord 
Rosse,  the  astronomers ;  Decimus  Burton,  the  architect,  and 
James  Fergusson,  the  historian  of  architecture ;  Chantrey,  the 
sculptor ;  John  and  George  Rennie,  the  engineers ;  Sir  John 
Franklin,  the  Arctic  explorer ;  Hallam,  the  historian ;  Whewell, 
the  versatile  Master  of  Trinity ;  Samuel  Wilberforce,  Bishop 
of  Oxford,  and  afterwards  of  Winchester ;  and  the  late  Duke  of 
Argyll,  so  often  a  Cabinet  Minister.  It  is  interesting  to  note  that, 
of  the  thirteen  Founders,  all  but  Knight  served  on  the  Committee  of 
Trustees  or  the  Council,  two  of  them — Greenough  and  Babington 
— being  Presidents.  Greenough,  indeed,  was  never  off  the 
Council,  serving  till  his  deatlj,  in  1855,  a  period  of  nearly  48 
years,  which  is  the  longest  continuous  period  to  anyone's 
credit.  In  actual  length  of  service  he  was  eclipsed  by  Lyell,  who 
served  49  years,  but  this  was  in  four  terms  with  one  year  interval 
between  each,  the  longest  being  23.  He  was  a  Fellow  for  56  years. 
Murchison  served  en  the  Council  42  years,  in  two  terms  of  37 
and  S,  with  one  year's  interval,  while  Sir  John  Evans  has  completed 
41  years  in  four  terms.  In  contrast  to  Greenough's  single  term  of 
48  years  is  Sir  Philip  Egerton's  40  years,  in  eight  terms  covering  a 
period  of  50  years,  during  which  time  he  was  never  more  than 
three  off  the  Council;  he  was  52  years  a  Fellow,  and  was 
more  frequently  re-elected  to  the  Council  than  anyone  else,  the 
nearest  to  him  in  this  respect  being  his  friend  and  co-worker  in 
the  fossil  fishes,  Lord  Cole,  afterwards  Earl  of  Enniskillen,  who 
had  seven  terms,  but  his  total  years  of  service  only  come  to  14. 
Godwin  Austen,  Daubeny,  Prestwich,  and  Dr.  Henry  Woodward, 
have  six  terms  each  to  their  credit,  with  aggregates  of  28,  11,  30, 
and  26  years  respectively.  Other  long  services,  though  not  con- 
tinuous, have  been  Leonard  Horner  and  Sir  Warington  Smyth  36 
years,  W.  J.  Hamilton  34,  Warburton  31,  Wiltshire  30,  J.  Taylor 
29,  Buckland  27,  and  Professor  Bon ney.  Professor  Judd,  Ramsay, 
and  Carrick  Moore  26  each. 

*  In  May,  1S54,  Edward  Forbes  reslinied  the  Presidency  on  being  appointed  Professor 
at  Edinbuq^h  University,  and  W.  J.  Hamilton,  who  was  one  of  the  Secretaries,  was 
elected  President  at  a  Special  General  Meeting,  but  the  vacant  secretaryship  was  not 
filled  up,  though  the  duties  were  undertaken  by  Prestwich. 
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Hamilton's  is  a  really  remarkable  record.  He  was  a  Fellow 
36  years,  during  which  time  he  was  on  the  Council  34,  and 
in  office  31  !  He  was  twice  President,  three  times  Secretary,  in 
all  for  21 J  years  (16]^  being  consecutive),  and  for  six  years  he  was 
Foreign  Secretary.  He  became  Secretary  the  year  after  his  election  as 
a  Fellow,  and  after  that  was  only  one  year  off  the  Council  till  his 
death.  Curiously  enough  he  was  never  a  Vice-President,  the  only 
other  President  who  has  not  served  as  Vice  being  the  Duke  of 
Argyll.  Hamilton  really  had  no  opportunity,  for  he  was  always 
serving  in  some  other  capacity,  except  the  years  immediately 
following  his  two  Presidential  terms,  in  which  it  was 
then  customary  not  to  call  on  the  ex-Presidents  to  take  up  any 
work.  Hamilton's  is  the  only  case  of  a  President  afterwards 
taking  the  office  of  Secretary.  He  also  set  the  precedent  of 
taking  up  the  Foreign  Secretary's  duties,  which  has  been  followed 
by  Smyth,  Hulke,  and  Sir  John  Evans  in  succession,  and  bids 
fair  to  become  an  established  custom  .•  It  may  be  noted  that 
Dr.  Blanford  is  the  only  President  who  has  afterwards  served  as 
Treasurer. 

Other  long  periods  of  office  (excluding  the  Vice-Presidency) 
have  been  Sir  Warington  Smyth,  twenty- nine  years,  with  seventeen 
as  Foreign  Secretary,  the  longest  period  for  that  office;  John 
Taylor,  twenty-five  years,  all  as  Treasurer,  in  two  terms  of  five,  and 
twenty  years,  the  latter  being  not  only  the  longest  Treasurership, 
but  the  longest  continuous  period  of  being  in  office ;  Sir  John 
Evans,  twenty-three  years ;  Wiltshire,  seventeen  years  ;  Blanford, 
sixteen  and  a-half  years ;  and  Prestwich  and  De  la  Beche,  fifteen 
years  each. 

There  have  been  forty-three  Presidents,  forty-six  Secretaries, 
sixteen  Foreign  Secretaries,  and  fourteen  Treasurers.  Of 
the  Presidents,  Greenough  served  three  terms,  and  Buckland, 
Murchison,  Lyell,  Horner,  Hamilton,  and  Sir  A.  Geikie 
two  each.  Except  Greenough's  first  term,  which  extended 
over  five  and  a  quarter  years,  the  Presidency  has  never 
been  held  for  more  than  two  years  consecutively.  W.  Blake 
and  Bostock  each  served  one  year  only,  and  Edward  Forbes 
a  year  and  three  months,  resigning  on  being  appointed  to  the 
Professorial  Chair  at  Edinburgh  University,  making  Hamilton's 
first  Presidential  term  only  a  year  and  nine  months.  Daniel 
Sharpe  was  killed  by  a  fall  from  his  horse  only  a  few  months  after 
taking  up  office.  Colonel  Portlock,  his  successor,  who  was  elected 
in  June,  having  his  term  proportionately  shortened.  No  other 
-case  has  occurred  of  the  death  of  a  President  during  office. 

I  have  sometimes  heard  it  said  that  Edward  Forbes  was  the 
youngest  President.  He  was  38,  but  Greenough,  the  first 
President,   was  only   29,   and  very  close  to  him  comes    Lord 

*  sir  Archibald  Geikie,  the  retiring  President,  has  just  been  elected  Foreign  Secretary 
in  snccession  to  Sir  John  Evans,  Feb.  aist,  1908. 
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Compton  (afterwards  Marquis  of  Northampton),  who  was  30 
when  he  assumed  office.  The  Hon.  Henry  Ben  net,  the  second 
President,  was  36,  Lyell  38,  and  Murchison  39.  Since  Forbes*s 
day  no  President  has  been  elected  under  50,  with  the  exception 
of  Dr.  Marr,  who  was  47.  Two  Presidents,  Lord  Compton  and 
Huxley,  subsequently  became  Presidents  of  the  Royal  Society, 
and  it  may  be  noted  that  five  other  Presidents  of  the  Royal 
Society  have  served  on  the  Geological  Society's  Council,  namely, 
Sir  Humphry  Davy  (on  the  Committee  of  Trustees),  Davies 
Gilbert,  Lord  Rosse,  Sir  Edward  Sabine,  and  Sir  Joseph  Hooker. 
Of  these  only  Lord  Northampton  and  Davies  Gilbert  were 
actually  on  the  Council  during  their  period  of  Presidency  of  the 
Royal  Society. 

Of  the  Secretaries  Hamilton  served  three  times,  and 
Murchison,  Godwin  Austen,  and  J.  Carrick  Moore  twice  each. 
Next  to  Hamilton,  for  length,  come  Warington  Smyth,  Dr. 
Marr,  and  Prof.  Watts,*  who  have  each  held  office  ten  years. 
Since  18 10  there  have  always  been  (except  in  1845)  at  least 
two  Secretaries,  and  as  in  these  days  nobody  is  of  any  im- 
portance who  has  not  a  "  record  "  of  some  kind  to  his  name,  I 
may  perhaps  be  pardoned  for  mentioning  that  the  longest  period 
of  joint  Secretaryship,  namely,  seven  years,  is  shared  between 
Hamilton  and  Carrick  Moore  from  1846!  to  1853,  and  Professor 
Watts  and  myself  from  1898  to  1905.  The  next  longest  was  that 
of  Professors  Bonney  and  Judd,  lasting  six  years. 

Next  to  Smyth  in  length  of  service  as  Foreign  Secretary  comes 
Sir  John  Evans,  J  who  has  served  thirteen  years.  De  la  Beche 
served  twelve  years  and  Heuland  ten. 

After  Taylor,  of  the  Treasurers,  comes  Gwyn  Jeffreys  with 
fourteen  years,  then  Wiltshire  with  thirteen,  Prestwich  with  twelve, 
and  Blanford  with  ten  and  a-half.  As  has  already  been  said,  there 
were  at  one  time  two  Treasurers,  Daniel  Moore  and  Taylor 
holding  office  together  for  the  five  years  comprising  the  latter's 
first  term.  It  is  a  curious  fact  that  in  1822,  when  it  was  decided 
to  reduce  the  number  of  Treasurers  from  two  to  one,  no  one  was 
found  willing  to  undertake  the  office,  which  remained  vacant  for 
a  year,  the  banker  of  the  Society  apparently  performing  the 
duties.  In  1823  Mr.  Taylor  resumed  office,  and,  as  we  have  seen, 
had  charge  of  the  finances  for  the  next  twenty  years.  On  the  death 
of  his  successor,  Mr.  J.  L.  Prevost,  in  November,  1852,  the  post 
remained  vacant  till  the  annual  meeting  in  February,  Leonard 
Homer  in  the  mean  time  discharging  the  duties. 

A  word  should  be  said  about  the  permanent  officials,  of  whom 
Mr.  Woodward  gives  a  list  in  the  appendix  to  his  book,  a  list  of 

*  Prof.  Watts  has  since  been  re-elected  at  the  Annual  Meeting,  February  2z8t,  1908. 

t  In  the  list  of  Secretaries  in  the  History  of  the  Geological  Society,  and  in  the 
published  Lists  of  Members,  J.  Carrick  Moore  is  erroneously  stated  to  nave  become 
Secretary  in  1845,  instead  of  1846. 

X  Sir  John  Evans  retired  from  the  office  at  the  Annual  Meeting,  February  21st,  1908. 
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which  any  society  might  be  proud.  They  include  Webster, 
Lonsdale,  Searles  Wood,  sen.,  S.  P.  Woodward,  Edward  Forbes, 
Ansted,  J.  de  C.  Sowerby,  Nicol,  Professor  Rupert  Jones,  H.  M. 
Jenkins,  and  Dallas.  Several  of  these  were  Fellows  of  the 
Society,  and  Webster,  during  part  of  the  time,  served  on  the 
Council  as  Secretary.  It  may  be  noted  that  Forbes  was  after- 
wards President,  Ansted  Foreign  Secretary,  Lonsdale  and  Searles 
Wood  had  the  WoUaston,  and  Professor  Rupert  Jones  the  Lyell 
Medal.  It  would  be  out  of  place  to  speak  of  the  present 
Assistant-Secretary  and  his  staff,  further  than  to  say  that  they 
worthily  uphold  the  great  traditions  that  have  been  handed  down 
to  them. 

The  total  number  of  Members  and  Fellows  who  have  served 
on  the  Council  or  Committee  of  Trustees  is  303,  and,  as 
according  to  Mr.  Woodward,  the  number  elected  from  the 
foundation  of  the  Society  to  the  end  of  1906  was  4,603,  it  will  be 
seen  that  only  about  six  and  a  half  per  cent,  of  the  Fellows  have 
the  prospect  of  a  seat  on  the  Council. 


The  Medals  and  Funds. 

The  Council  not  only  mans^e  the  affairs  of  the  Society,  but 
they  also  act  as  Trustees  of  the  various  Funds  which  have  been 
given  or  bequeathed  to  the  Society  from  time  to  time,  and  I 
think  it  is  universally  admitted  that  they  perform  this  responsible 
task  with  great  care  and  judgment.  There  are  five  medals  :  the 
WoUaston,  the  Murchison,  the  Lyell,  the  Bigsby,  and  the  Prest- 
wich,  to  each  of  which,  except  the  Bigsby,  a  fund  is  attached,  and 
there  are  also  two  Funds,  which  have  no  medals,  the  Barlow- 
Jameson  and  the  Daniel  Pidgeon. 

Of  these,  the  Wollaston  Medal,  founded  in  1828  by  the  gift 
of  Dr.  William  Hyde  Wollaston  a  few  days  before  his  death,  is 
recognised  as  the  highest  honour  which  the  Council  can  confer, 
and  for  some  forty  years  it  stood  alone.  It  will  be  noted  that  the 
founder's  letter  refers  to  "  researches  concerning  the  mineral  struc- 
ture of  the  earth,"  and  it  must  be  remembered  that  Wollaston  was 
a  mineralogist  The  widest  possible  interpretation  has,  however, 
been  put  on  the  words,  and  every  branch  of  the  science  is  repre- 
sented among  the  recipients  of  the  medal,  the  Council  having 
decided  almost  from  the  first  that  palaeontologists  should  be 
admitted.  The  first  medallist  was,  most  fittingly,  William  Smith, 
and  it  was  on  the  occasion  of  conferring  it  on  him  that  Sedgwick 
hailed  him  as  the  "  Father  of  English  geology." 

The  Murchison  and  Lyell  Medals  and  Funds,  founded  by  the 
respective  wills  of  Sir  Roderick  Murchison  in  187 1,  and  Sir 
Charles  Lyell  in  1875,  are  somewhat  alike  in  scope,  the  Lyell 
being  the  more  richly  endowed.    Both  are  awarded  annually,  and 
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in  each  case  a  portioil  of  the  Fund  must  accompany  the 
Medal. 

The  Bigsby  Medal,  given  biennially,  was  founded  by  the  gift 
of  Dr.  J.  J.  Bigsby  in  1877.  The  recipients  must  not  have 
passed  their  forty-sixth  birthday,  and  the  founder  quaintly  added 
the  reason  for  this  limitation  that  the  medallist  is  "probably 
not  too  old  for  further  work,  and  not  too  young  to  have  done 
much." 

The  Prestwich  Medal  was  founded  in  1896  by  the  will  of 
Sir  Joseph  Prestwich,  but  the  legacy  was  subject  to  the  life  of 
Lady  Prestwich,  and  did  not  fall  into  possession  till  1900.  This 
is  to  be  given  triennially,  and  the  whole  of  the  income  of  the 
fund  is  to  accompany  the  medal. 

The  Barlow-Jameson  Fund,  founded  in  1876  by  the  will  of  Dr. 
H.  C.  Barlow  in  memory  of  his  early  teacher,  Robert  Jameson,  is  a 
most  useful  one,  as  it  is  left  to  the  unfettered  discretion  of  the 
Council  how  it  is  to  be  applied,  provided  it  is  for  the  advance- 
ment of  Geological  Science.* 

The  Daniel  Pidgeon  Fund  has  also  proved  very  useful  It 
was  founded  in  1902  by  Mrs.  Pidgeon  in  deference  to  the  wishes 
of  her  husband,  Daniel  Pidgeon,  who  died  in  1900,  as  expressed 
in  his  wilL  His  desire  was  to  establish  an  annual  grant  for  the 
promotion  of  Geological  Original  Research,  with  a  Hmitation  of 
the  age  of  the  grantees  to  28.  After  much  consideration  the 
Council  decided  to  use  it  as  a  kind  of  studentship,  to  be  given 
in  the  summer  on  an  undertaking  by  the  grantee  to  do  some 
definite  piece  of  work.  Recommendations  of  candidates  for 
the  grant  are  invited  each  year  from  various  teaching  bodies. 

I  believe  I  am  right  in  saying  that  the  Council  of  the  Society 
do  not  desire  any  more  Medals.  The  Medals  are  justly 
considered  as  marks  of  great  distinction,  but  if  there  are  too 
many  the  prestige  attaching  to  them  must  be  diminished,  and  it 
must  become  more  difficult  year  by  year  to  find  fitting  recipients. 
There  cannot,  however,  be  too  many  Funds,  and  the  fewer 
conditions  or  restrictions  attaching  to  them  the  better.  Geologists 
as  a  rule  are  not  blessed  with  long  parses,  and  cases  may  not 
infrequently  occur  where  they  are  much  hampered  in  their 
investigations  by  the  want  of  just  such  a  sum  as  one  of  the  Funds 
at  the  disposal  of  the  Council  would  supply.  What  is  really 
wanted  is  the  creation  of  a  sort  of  general  fund  which  could  be 
used  for  any  purpose,  as  and  when  it  may  be  required  at  the 
discretion  of  the  Council.  It  is  worthy  of  notice  that  Wollaston 
seems  to  have  had  this  idea  in  bis  mind.  In  his  letter 
announcing  the  gift  nothing  is  said  about  a  medal,  and  he 
particularly  requests  the  Society  to  entitle  the  Fund  "  The  Donation 
Fund^"  not  "  The  Wollaston  Fund  " ;  and  he  goes  on  to  express 

*  The  Council  have  thlB  vear  made  a  grant  firom  this  Fund  towards  the  purchase- 
money  ot  the  *'  greywethers'  on  Marlborough  Downs,  to  rescue  which  firom  destruction 
a  Committee  has  been  formed. 
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his  confidence  that  "there  now  are,  and  hereafter  will  be, 
members  who  will  make  additional  contributions  to  this 
'  Donation  Fund.' "  He  probably  thought  that  by  not  attaching 
his  name  to  the  Fund,  he  would  attract  gifts  from  others,  and  if 
any  one  wishes  now  to  do  what  Wollaston  seems  to  have 
intended,  he  must  be  prepared  to  sink  his  individuality,  and 
resist  the  naturally  strong  temptation  to  have  his  name 
perpetuated  and  remembered  by  the  generations  to  come. 

It  would  not  be  out  of  place  to  remark  here  that  the  Society  has 
had  considerable  benefits  from  gifts  or  bequests  other  than  diose 
founding  the  Medals  and  Funds.  The  most  important  of  these 
have  been  ;£t,ooo  from  Mr.  Sydney  Ellis  (who  was  not  a  Fellow), 
jCSoo  from  Mr.  Charles  Lambert,  j£s^o  from  Mr.  John  Brown 
(of  Stanway),  ;^2oo  from  Mrs.  Yates  (a  gift  in  lieu  of  an 
intended  bequest  by  her  husband,  Rev.  James  Yates),  and 
;^5oo  which  Greenough,  ever  solicitous  for  the  interests  of  the 
Society,  bequeathed,  lest  the  cost  of  housing  his  legacy  of 
books  and  collections  should  prove  an  encumbrance. 


The  Homes  of  the  Society. 

In  my  sketch  of  the  history  of  the  Society  I  have  already 
referred  to  the  various  rooms  or  houses  which  they  have  succes- 
sively occupied,  but  in  accordance  with  the  arrangement  of  this 
Address,  it  may  be  well  to  briefly  summarise  them  : 

The  Freemasons*  Tavern,  in  Great  Queen  Street,  was  the 
scene  of  the  foundation  dinner  in  1807,  and  the  meetings 
took  place  here  even  after  the  first  rooms  had  been  engaged  in 
the  Temple. 

No,  4,  Garden  Court,  Temple,  was  the  first,  real  home  of  the 
Society.  The  rooms,  which  were  engaged  in  March,  1809,  were 
on  the  ground  floor.  Here  the  cabinet  was  deposited,  and  the 
meetings  of  Committees  took  place. 

No,  3,  LincolfCs  Inn  Fields  was  the  next  home,  and  was 
engaged  in  April,  18 10,  the  first  meeting  being  held  there  in  June. 
The  whole  house  was  taken,  but  it  was  shared  with  the  Medical 
and  Chirurgical  Society,  the  two  societies  having  a  joint  clerk 
and  a  common  meeting  room. 

In  June,  18 16,  a  move  was  made  to  No,  20,  Bedford  Street, 
Covent  Garden,  where  the  Society  had  the  upper  part  and 
basement  of  the  house. 

In  1828  the  Society  moved  into  the  rooms  which  the  Govern- 
ment had  granted  them  in  Somerset  House,  Strand,  the  first 
meeting  held  there  being  in  November  of  that  year. 

Lastly,  in  1874,  their  home  was  changed  to  Burlington  House^ 
Piccadilly,  where  they  still  occupy  the  fine  set  of  rooms  which  the 
Government  have  so  generously  placed  at  their  disposal. 
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The  Future  of  the  Society. 

I  have  now  dealt  with  the  past  history  of  the  Society,  and  said 
something  of  its  present  state.  The  question  naturally  arises, 
What  of  the  future  ?  In  the  next  hundred  years  will  there  be  the 
work  to  do,  and  will  there  be  the  men  to  do  it  ? 

As  to  the  work,  it  will  no  doubt  seem  to  some  that  the  vast 
amount  of  work  done  by  the  enthusiasts  of  the  middle  fifty  years 
of  the  last  century  has  left  little  to  be  done  by  those  who  follow. 
Such  views  are  negatived  by  the  past  experiences  of  every  science, 
and  are  the  expressions  either  of  a  timidity  which  shrinks  from 
attacking  the  problems  waiting  to  be  faced,  or  of  an  inertia  that 
refuses  to  recognise  their  existence.  It  must  be  remembered  that 
the  early  workers  were  pioneers,  and  that  much  of  their  work,  great 
as  it  was,  requires  revision  in  the  light  of  recent  advances  in 
petrology  and  palaeontology.  These  subjects  again  require  highly 
trained  specialists  to  keep  on  adding  to  the  knowledge  gained 
by  the  earlier  workers  in  the  same  fields. 

As  to  the  men,  who  will  doubt  that  they  will  be  forth- 
coming? We  are  apt  to  look  on  those  of  the  early  days  as 
giants.  There  is  a  glamour  about  the  names  and  achievements  of 
Greenough  and  William  Phillips,  Conybeare  and  Buckland,  Fitton 
and  Lyell,  Sedgwick  and  Murchison,  Macculloch  and  Webster, 
Mantell  and  Lonsdale,  De  la  Beche  and  John  Phillips,  Horner 
and  Scrope.  .  The  men  of  the  middle  period,  though  still  great, 
seem  of  smdler  proportions  than  their  predecessors,  perhaps 
because  we  have  ourselves  seen  some  of  them  in  their  later  days. 
Such  are  Edward  and  David  Forbes,  Godwin  Austen  and  Ramsay, 
Owen  and  Huxley,  Daubeny  and  Hopkins,  Prestwich  and  Waring- 
ton  Smyth,  Egerton  and  Enniskillen,  Nicol  and  Jukes,  Harkness 
and  Nicholson,  Aveline  and  Selwyn,  Searles  Wood  and  Morris, 
Blanford  and  Hicks.  Some  there  are  who,  happily  still  with  us, 
make  a  bridge  from  that  time  to  this.  The  veteran  ex-Presidents, 
Dr.  Sorby  and  Sir  John  Evans  have  already  shown  this  session  that 
their  work  is  not  done,*  while  Sir  Archibald  Geikie,  to  whose 
activity  the  success  of  the  Centenary  celebrations  was  largely  due, 
might  very  well  take  for  his  motto  the  quaint  phrase  of  Bigsby, 
omitting  only  the  age  so  arbitrarily  laid  down.  The  men  of  our 
own  day  we  see  in  like  semblance  with  ourselves,  and  it  will  be  for 
those  who  live  a  hundred  years  hence  to  compare  their  work  with 
that  of  the  giants  of  old.  Our  generation  need  not  fear  when 
v^e  are  able  to  show  such  men  as  Bonney  and  Judd,  Geikie  and 
Hudleston,  Henry  Woodward  and  Whitaker,  Teall  and  Marr, 
Lapworth  and  Sollasf,  to  descend  no   lower  than  the  rank  of 

•  At  the  meeting  of  the  Society  on  December  18th,  1907,  Sir  John  Evans  read  a  paper 
on  "  Some  Recent  Discoveries  of  PalsB-^lithlc  Implements"  ;  and  on  January  8th,  1908, 
the  late  Dr.  Sorby  read  a  paper  "  On  the  Application  of  Quantitative  Methods  to  the 
Study  of  the  Structure  and  History  of  Rocks."    See  footnote  p.  362. 

f  ProflBSior  Sollas  was  elected  Preslddnt  at  the  Annual  Meeting  on  February  list, 
1908. 
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President  We  have  only  got  to  look  round  at  the  younger  men 
at  the  Society's  meetings  or  on  our  own  excursions,  to  read  their 
contributions  to  the  Quarterly  Journal  and  other  publications  (not 
forgetting  our  own  Proceedings),  to  note  the  increased  interest 
taken  in  geology  at  all  our  centres  of  education,  and  we  shall  be 
certain  that  the  hope,  adapted  from  the  old  "  Bidding  Prayer," 
with  which  our  address  to  the  Society  concluded,  will  be  fuDy 
realised,  '*  that  there  may  never  be  wanting  in  the  future  a  train  of 
worthy  successors  to  that  long  line  of  distinguished  men  whose 
names  have  adorned  your  roll  of  Fellows  in  the  past,  the  one 
object  of  whose  scientific  work  has  been  the  Elucidation  of  the 
Truth." 

The  Centenary  Celebrations. 

I  will  now  conclude  with  a  few  words  describing  the  events 
connected  with  the  celebration  of  the  Centenary.  This  was 
fixed  for  convenience  in  September,  and  on  the  morning  of  the 
26th  of  that  month  I,  as  your  delegate,  attended  the  meeting, 
which  was  held  at  the  rooms  of  the  Institution  of  Civil 
Engineers,  those  of  the  Society  being  quite  inadequate  to  hold 
the  great  number  who  were  present.  This  meeting,  which  was 
the  real  act  of  celebration,  was  for  the  purpose  of  receiving  the 
congratulations  of  the  delegates  from  our  own  country  and  from 
all  parts  of  the  world.  Not  only  were  practically  all  civilised 
countries  represented,  but  a  great  variety  of  Universities, 
Scientific  Institutions,  and  Surveys,  with  of  course  a  preponder- 
ance of  those  dealing  with  geological  subjects.  The  delates 
approached  the  President  in  groups  of  countries,  each  group 
having  its  own  spokesman.  After  he  had  delivered  his  speech, 
which  had  to  be  strictly  limited  as  to  length,  his  fellow 
countrymen  presented  their  addresses  and  made  way  for 
the  next  group.  The  English  delegates  were  divided  into 
two  batches,  the  first  representing  the  Universities  and  other 
teaching  institutions,  and  the  second  the  Scientific  Societies. 
The  one  was  headed  by  the  Universities  of  Oxford  and  Cam- 
bridge, represented  by  Professors  Sollas  and  Hughes,  the  other 
by  the  Royal  Society,  for  whom  their  Treasurer,  Mr.  Kempe, 
was  the  spokesman.  The  seating  and  ordering  of  all  these 
groups  of  deputations  was  so  perfectly  arranged  that  the  pro- 
ceedings went  off  without  a  hitch,  and  the  ceremony  was  got 
through  in  very  good  time.  We  reassembled  in  the  afternoon 
to  hear  the  President's  interesting  address  on  "The  State  of 
Geology  at  the  time  of  the  Foundation  of  the  Geological  Society." 

In  the  evening  the  event  was  still  further  celebrated  at  a 
dinner  in  the  Whitehall  Rooms,  at  which  nearly  300  were 
present,  and  it  may  be  noted  that  this  dinner  was  graced  by  the 
presence  of  ladies.    Next  day  was  occupied  by  visits  to  museums 
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and  other  places  of  public  interest,  and  in  the  evening  there  was 
a  well-attended  soiree  at  the  Natural  History  Museum.  Saturday, 
the  38th,  was  devoted  to  excursions,  there  being  several  of  these 
within  easy  reach  of  London.  The  one  to  Reading,  organised 
by  the  Geologists'  Association,  was  very  well  attended,  and  quite 
cosmopolitan  in  character.  So  far  as  the  Society  is  concerned 
this  brought  the  celebrations  to  an  end,  but  they  were  continued 
next  week  at  Oxford  and  Cambridge,  each  of  which  University 
was  conferring  honorary  degrees  on  some  of  the  more 
distinguished  of  the  foreign  guests.  I  was  fortunate  enough  to 
receive  an  invitation  to  Cambridge,  and  besides  seeing  the  degrees 
conferred,  I  was  most  hospitably  entertained  by  Professor  and  Mrs. 
Hughes  at  a  soiree  in  the  Sedgwick  Museum,  and  by  the  Master 
and  Fellows  of  St.  John's  (that  nursery  of  geologists)  at  a 
banquet  in  their  beautiful  halL  Those  who  went  to  Oxford 
were,  I  need  hardly  say,  made  equally  welcome. 

What  struck  everyone  who  attended  the  celebrations,  was  the 
perfectly  smooth  way  in  which  all  the  arrangements  worked. 
Every  detail  seemed  to  have  been  carefully  thought  out,  and 
nothing  was  left  to  chance.  All  this  meant  months  of  work. 
Settling  the  preliminaries,  sending  out  the  invitations,  recording  and 
sorting  the  acceptances,  providing  a  place  of  meeting,  planning  the 
procedure  at  the  reception  of  delegates,  organising  the  excursions 
and  museum  visits,  fitting  up  the  Societ/s  rooms  for  the  reception 
of  the  guests,  and  arranging  for  the  dinner  and  soiree. 

For  ensuring  this  satisfactory  result  we  are  indebted  in  the 
first  place  to  the  Council,  but  more  particularly  to  the  organising 
committee,  with  the  President  at  its  head,  and  we  must  not  forget 
the  share  of  the  permanent  staff.  Where  all  worked  so  well  it 
would  be  invidious  to  particularise,  but  I  believe  I  am  right  in  saying 
that  after  the  President,  to  whose  energy  and  power  of  attraction 
the  great  succ^ess  of  the  gathering  was  mainly  due,  the  chief  burden 
fell  on  Mr.  Rudler  (who  was  responsible  for  the  transformation  of 
the  Society's  apartments  into  a  series  of  reception  rooms),  and  the 
Secretaries,  Professor  Garwood  (who  had  charge  of  the  arrangements 
for  the  dinner  and  soiree),  and  Professor  Watts.  It  is  to  the  last- 
named  that  the  perfect  organisation  of  the  great  delegates'  meeting 
was  due,  and  no  one  can  really  know  what  an  amount  of  thought 
and  actual  hard  work  was  involved  in  bringing  this  about.  The 
result,  however,  was  a  veritable  triumph,  and  Professor  Watts 
must  have  reaped  his  reward  in  the  congratulations  he  received. 


Professor  Watts  is,  as  you  know,  your  President-elect,  and  he 
is  one  whom  I  can  recommend  as  my  successor  with  the  utmost 
confidence.  I  know  him  well ;  in  an  official  character  perhaps 
better  than   anyone    else,    for    we   worked    together    as  joint 
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Secretaries  of  the  Society  for  the  long  period  of  seven  years, 
during  which  we  never  had  the  shadow  of  a  difference.  More- 
over, he  is  no  stranger  to  you,  having  served  on  the  Council 
more  than  once,  and  having  often  acted  as  your  leader  on  excur- 
sions. I  feel,  therefore,  that  in  resigning  the  Presidency  to  him, 
I  am  placing  it  in  safe  hands. 

I  have  only  now  to  thank  you  for  the  attention  with  which 
you  have  listened  to  me  this  evening,  and  for  the  uniform  kind- 
ness which  you  have  extended  to  me  throughout  the  two  years 
during  which  I  have  had  the  honour  to  preside  at  your  meetings 
and  excursions.  In  return,  I  have  tried  to  carry  out  the  duties 
of  the  office  to  the  best  of  my  ability.  The  time  has  been  for 
me  a  very  happy  one,  and  has  passed  all  too  quickly,  but  as  all 
good  things  must  have  an  end  it  only  remains  for  me  to  say 
Farewell,  and  call  my  successor  to  the  Chair. 


ORDINARY  MEETING. 

Friday,  November  ist,  1907. 

R.  S.  Hkrries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association  :  Albert 
Arthur  Atkins,  Professor  W.  S.  Boulton,  B.Sc,  A.R.C.S.,  F.G.S., 
Henry  Hargrave  Fawcett,  M.  Odling,  Alfred  Ernest  Snape,  M.Sc, 
A.M.I.C.E.,  Sidney  Herbert  Snell,  M.D.,  B.S.,  M.R.C.S. 

The  President  stated  that  he  had  attended  the  celebration  of 
the  centenary  of  The  Geological  Society  on  September  26th,  and 
had  presented  an  illuminated  address  on  behalf  of  the  Associa- 
tion, which,  by  the  courtesy  of  the  Council  of  the  Society,  he  was 
able  to  exhibit  that  evening.  The  text  of  the  address  was  as 
follows : 

"  To    the    President,    Council,    and    Fellows    of   The 
Geological  Society  of  London  : 

"  We,  the  Members  of  The  Geologists*  Association,  desire  to 
offer  our  most  cordial  congratulations  to  the  President,  Council, 
and  Fellows  of  the  Geological  Society  of  London  on  the  com- 
pletion of  the  Hundredth  Year  of  the  existence  of  the  distinguished 
Society  to  which  you  belong. 

**  We  recall  with  pride  and  admiration  the  stand  made  by  the 
Society  during  the  early  years  of  its  existence,  which  resulted  in 
securing  for  Geology  an  independent  position  among  the  Sciences, 
and  we  recognise  with  gratitude  that  while  at  that  time  the 
Society  refused  to  accept  a  subordinate  position,  so  in  after  years 
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those  who  directed  its  counsels  never  set  themselves  against  the 
formation  of  other  bodies  proposing  to  investigate  the  same 
science. 

"Thus  it  comes  about  that  there  are  to-diy  a  large  num- 
ber of  Societies  in  this  Country,  the  Colonies  and  abroad,  our 
own  Association  being  one  of  them,  whose  aim  is  the  study  of 
Geology,  and  who  now  unite  in  doing  homage  to  The  Geological 
Society  of  London  as  to  the  mother  of  them  all.  It  is  our 
sincere  hope  that  your  great  Society  may  long  continue  to 
flourish,  and  that  there  may  never  be  wanting  in  the  future  a 
train  of  worthy  successors  to  that  long  line  of  distinguished 
men  whose  names  have  adorned  your  roll  of  Fellows  in  the  past, 
the  one  object  of  whose  scientific  work  has  been  the  Elucidation 
of  the  Truth. 

"  Signed  on  behalf  of  the  Geologists'  Association, 

"Robert  S.  Herries,  President 
"  George  W.  Young,  )  secretaries 
"Alfred  C  Young,  J  ^^^^^^"^^• 

"September  26th,  1907." 

The  meeting  then  resolved  into  a  conversazione.  The  follow- 
ing is  a  list  of  the  exhibitors  and  their  exhibits  : 

The  President:  The  Address  presented  on  behalf  of  the  Association  to  the 
Geological  Society  at  the  recent  Centenary  Gathering. 
Yorkshire  Jurassic  Belemnites. 

The  Director  of  the  Geological  Survey:  A  selection  of  Maps  and 
Memoirs  published  by  the  Geological  Survey  during  the  past  year. 

Dr.  G.  Abbott  :  Concretionary  forms  of  Silica  (Beekite,  etc.)  from  Torquay. 

F.  J.  Bennett  :  Micro-implements  from  Glacial  Drift. 

G.  F.  Brown  :  Chalk  fossils  from  Sutton,  Harefield,  and  Wobum,  Bucks. 
R.  H.  Chandler  :  Igneous  Rocks,  Rhaxella  Chert,  and  other  erratics  from 

Dariford  Heath. 
C.  P.  Chatwin  and  T.  H.  Withers  :  Chalk  fossils,  including  a  very  fine 

specimen  of  Alicrasitr  cor-hovis  from  Oxfordshire. 
Miss   M.  C.   Crosfield  :    Trilobites   and    Brachiopods  from  the  Dufton 

Shales,  Pusgill,  Westmorland  ;  Nummulites  from  near  the  Pyramids  of 

Gizeh  ;  and  rock  specimens  from  Nubia  and  the  Sudan. 
G.  E.  DiBLEV :  Chalk  Fossils.    A  large  Gasteropod  from  R.  cuvieri-zont^ 

probably  allied  to  Natica  gaultina  ;  a  species  ot  Loricuia^  a  large  and  rare 

cirri pede,  from  Cuxton  ;  a  set  of  thirty-six  associated  teeth  of  Ptyckodus 

mammtUaris  from  T,  gracUu-zone,^  Cuxton ;  another  set  (lent  by  Mr. 

G.  Bishop)  of  P.  dicurrens  from  the  H.  suhglohosus-zont^  Merstham. 
J.  Louis  Foucar  :  Fossil  wood  (silicified)from  the  Selbornian  of  S.E.  Devon  ; 

Tertiary  (Thanet  Sand,  etc)  Fossils  from  well-borings  in  S.W.  Essex. 
James  Francis  :   BeltmniUs^  AmmoniUs^  and  Plant-remains  from  Jurassic 

rocks. 
J.  W.  Garnham  :  A  collection  of  carveJ  Jade. 
F.  GossLiNG  :  Ptychodus  Teeth,  from  Chalk  near  Croydon. 
Upfikld  Green  :  Specimens  of  Cornish  rocks. 
C.  J.  Grist  :    Eoliths  from   the  Elephas  meridionalis  gravels  of  Dewlish, 

Dorset ;  and  a  similar  implement  from  the  Palaeolithic  gravels  of  the 

Frome  valley. 
W.  Fi  Gwinnell  :  Rock-forming  minerals  and  crystalline  rock -specimens 

from  the  Alps,  the  Highlands,  etc. 
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J.  HOPKINSON  :  Copy  of   the    Ray  Society's  Address  to  the  Geological 

Society. 
E.  Howard  Adye  :  Petrological  Microscope  and  Rock-sections.- 
Miss  M.  S.  Johnston  :  Axe  heads  and  a  few  specimens  from  New  Zealand. 
A.  £.  KrrsoN  :  A  lar^e  series  of  Lantern  Slides,  illustrating  Geology  and 

Physiography  of  .'\u8tralia  and  New  Zealand. 
A.  L.  Leach  :  Geological  photof^raphs  of  the  coast  near  Tenby. 
H.  W  MoNCKTON  :  Album  of  Geological  Photographs. 

E.  T.  Newton  (on  behalf  of  Miss  F.  R.  Milborn)  :  Hyhftdus  from  Oxford 

Clay  of  Peterborough. 
Miss  E.  Pearse  :  Specimens  of  rocks  from  Plymouth  District. 
A.  £.  Salter  :   Mineralo?ical  specimens  and  silici6ed  bones  from  Broken 

Hill  mines  of  N.W.  Rhodesia. 
H.  C.  Sargent  :  Erratics  from  Crich,  Derbyshire,  and  photographs  of  Crich 

quarry. 
C.  Davies  Sherborn  :  Geological  map  of  Armenia,  prepared  by  Dr.  Felix 

Oswald. 
R.  Tervet  :  Fossil  Fishes  from  Scotch  Oil-shales. 

F.  Ross  Thompson  :  Plarrt  Remains  from  the  Wealden. 

Ll.  Treacher  :  Photo-microg^phs  of  Bryozoa  from  the  Faringdon  Sponge- 
gravel  and  from  the  Chalk. 

£.  WestLake  :  Cycle-camping  outfit,  suitable  for  field-geologists. 

H.  J.  Osborne  white  :  Japanese  scroll-print,  illustrating  the  mining  and 
meullurgy  of  gold  ;  Mammalian  bones  and  tufa-encrusted  flints  from 
bed  of  Thames  near  Wargrave  ;  Eolith-like  flint  from  Norwich  Crag  of 
Thorpe,  Norfolk  ;  Photos  of  N.  American  and  Tyrolean  Scenery. 

W.  Wright  :  Roughly-shaped  flint  implements  from  North  Downs  of  Surrey. 

A.  C.  Young  :  Erratic  boulders  from  Crich. 

W.  Plomer  Young  :  Geological  lantern  slides. 


ORDINARY   MEETING. 

Friday,  December  6th,  1907. 

R.  S.  Merries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association  :  Ernest 
Howard  Adye,  Frederick  Brunskill,  B.A.,  B.Sa,  Miss  M. 
Cartwright,  Percy  Davis,  Edward  Percy  Field,  Fritz  Janchen, 
Henry  John  Jeflfery,  A.R.C.S.,  Joseph  Jackson  Lister,  M.A., 
F.R.S.,  F.L.S.,  William  Mawby,  James  Morrison,  Roy  Wood- 
house  Pocock,  William  J.  Reynolds,  Frederick  John  Richards, 
Ivor  Thomas,  B.Sc,  Ph.D.,  William  Robert  Worthington 
Williams. 

The  President  called  attention  to  the  fact  that  the  Association 
had  since  its  last  meeting  entered  on  its  fiftieth  year.  He  briefly 
summarised  the  account  of  its  foundation  as  recorded  in  the 
Presidential  address  of  Professor  Rupert  Jones  for  1880.  It 
originated  from  a  meeting  on  November  17th,  1858,  of  three 
persons,  Mr.  J.  E.  Wakefield,  Mr.  J.  Slade,  and  Mr.  George 
Potter.  Of  these,  Mr.  Wakefield  had  for  some  years  ceased  to 
be  a  member,  and,  he  regretted  to  say,  died  in  1903.    Mr.  Siade 
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died  in  1905,  but  Mr.  Potter  was  happily  still  with  us,  and  he  was 
glad  to  see  him  present  that  evening.  This  was  followed  by  a 
meeting  on  November  29th,  at  which  it  was  resolved  to  form  an 
Association,  and  a  provisional  committee  was  appointed.  Nov- 
ember 29th,  1858,  therefore,  might,  he  thought,  be  taken  as  the 
date  when  the  Association  came  into  existence,  though  the  first 
general  meeting  was  not  held  till  December  17th,  when  a  set  of 
rules  was  adopted  and  a  permanent  committee  appointed. 

The  following  lecture  was  then  delivered,  "Notes  on  the 
Geology  of  the  Tenby  District,"  with  special  reference  to  the 
Carboniferous  Limestone,  by  Arthur  Leonard  Leach.  The 
lecture  was  illustrated  by  a  series  of  lantern  views  taken  by  Mr. 
R.  H.  Chandler  and  the  lecturer. 

The  President  moved  a  vote  of  thanks  to  Mr.  Leach  for  his 
interesting  lecture;  Mr.  A.  C.  Young  spoke,  and  Mr.  Leach 
briefly  replied. 


ORDINARY    MEETING. 

Friday,  January  3RD,  1908. 

R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association: 
Rev.  Charles  Roger  Bower,  Charles  Ernest  Pelham  Brooks,  Miss 
Alice  Crawley,  B.Sc,  Wilmott  Henderson  Evans,  F.R.C.S.,  M.D., 
Joseph  Richard  Farmery,  Geoflfry  M.  Jackson,  George  Horace 
Flymen,  F.C.S.,  Richard  Hill  Tiddeman,  M.A.,  F.G.S.,  C.  H. 
Topham,  Professor  William  Wright,  F.R.C.S.,  D.Sc,  F.LS. 

The  following  paper  was  then  read,  "  On  the  Zones  of  the 
Chalk  in  the  Thames  Valley  between  Goring  and  Shiplake,"  by 
Charles  P.  Chatwin  and  Thomas  H.  Withers.  The  paper  was 
illustrated  by  lantern  slides,  and  was  followed  by  an  animated 
discussion,  in  which  Dr.  Rowe,  Messrs.  E.  T.  Newton,  W. 
Whitaker,  G.  W.  Young,  Llewellyn  Treacher,  G.  E.  Dibley, 
C.  Davies  Sherborn,  and  W.  P.  D.  Stebbing  took  part.  Mr. 
Chatwin  replied,  and  on  the  motion  of  the  President  a  cordial 
vote  of  thanks  to  the  authors  was  passed. 


3^0 


ANNUAL     GENERAL     MEETING. 

Friday,  February  7th,  1908. 
R.  S.  Herries,  M.A.,  F.G.S.,  President,  in  the  Chair. 

Messrs.  D.  Leighton  and  T.  H.  Withers  were  appointed 
Scrutineers  of  the  ballot. 

The  following  Report  of  the  Council  for  the  year  1907  was 
then  read  : 

THE  numerical  strength  of  the  Association  on  December  31st, 
1907,  was  as  follows  : 

Honorary  Members        .        .         .        .        .  •  14* 
Ordinary  Members — 

a.     Life  Members  (compounded)        .        .  .  165 

d.     Country  Member  (53.  Annual  Subscription)  .  i 

c.     Members  (los.  Annual  Subscription)     .  .  456 

636 

This  shows  an  increase  of  eighteen  members  as  compared  with 
the  corresponding  figures  of  the  previous  year. 

During  the  year  forty-nine  new  members  have  been  elected. 

The  Council  regret  that  the  Association  has  lost  nine 
members  by  death  during  the  year :  Miss  Caroline  Birley,  C.  W. 
Blackman,  Sir  James  Hector,  Bennett  C.  Polkinghorne,  William 
Arthur  Savage,  Mark  Stirrup,  John  Francis  Walker,  Augustus 
George  Wildy,  and  B.  Winstone. 

Miss  Caroline  Birley,  who  joined  the  Association  in  1890, 
was  an  enthusiastic  student  of  geology,  and  frequently  attended 
our  meetings.  She  had  visited  many  places  of  geological  interest 
in  various  parts  of  the  world,  and  had  spared  no  pains  to  obtain 
additions  to  her  extensive  collection.  Many  of  her  specimens 
have  been  shown  at  our  conversazioni.  Under  the  provisions  of 
her  will  her  collection  has  been  given  to  the  British  Museum  and 
Manchester  Museum. 

Sir  James  Hector,  who  joined  the  Association  in  1876, 
was  for  nearly  forty  years  Director  of  the  Geological  Survey 
of  New  Zealand.  He  was  educated  at  Edinburgh  University, 
and  after  taking  the  degree  of  M.D.  was  chosen  to  accom- 
pany Captain  Palliser's  expedition  to  the  interior  of  British 
North  America,  after  which  he  wrote  an  important  paper 
on  the  geology  of  Lake  Superior.  He  went  to  New  Zealand 
in  1 86 1,  and  became  Director  of  the  Geological  Survey  in 
1865,   since  which  date  his  name  figures  largely  in  the  local 

*  Bv  an  error  in  last  year's  Report  the  number  of  Honorary  Members  was  given  as  is 
instead  of  14.    The  total  should  consequently  be  reduced  to  6x8. 
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scientific  literature.  In  1876  he  contributed  a  paper  to  our 
Proceedings  "  On  the  Geology  of  New  Zealand  with  special 
reference  to  the  Drift  of  that  Colony." 

B.  C.  Polkinghorne  was  well  known  to  many  of  the  members 
as  a  keen  geologist,  although  his  professional  duties  prevented 
him  from  being  a  regular  attendant  at  the  meetings.  He  was  an 
occasional  exhibitor  at  the  conversazioni,  and,  in  conjuction  with 
Mr.  A.  L.  Leach,  conducted  an  excursion  to  East  Wickham  in 
1906.  Although  in  failing  health  he  acted  as  local  Secretary  at 
the  Congress  of  the  S.E.  Union  of  Scientific  Societies,  held  at 
Woolwich  in  June  last.  In  October  he  went  to  Algiers  under 
medical  advice,  where,  however,  he  died  during  the  closing  days 
of  the  year. 

Dr.  W.  A.  Savage  had  latterly  held  an  appointment  at  the 
Cottage  Hospital,  Mapumalo,  Natal,  where  he  died.  Those 
members  who  took  part  in  the  Auvergne  excursion  in  1901  will 
not  readily  forget  his  kindness  as  a  medical  adviser. 

John  Francis  Walker,  although  elected  so  long  ago  as  1874, 
did  not  often  attend  our  meetings,  having  resided  at  York  for  the 
past  twenty-five  years.  In  him  geology,  and  especially  Yorkshire 
geology,  loses  one  of  her  most  distinguished  sons.  For  many 
years  past  he  had  assiduously  devoted  himself  to  the  study  of  the 
Brachiopoda,  principally  from  the  Jurassic  and  Lower  Cretaceous 
formations,  and  of  these  he  had  gradually  amassed  a  magnificent 
collection.  His  widow  and  son  have,  with  great  generosity, 
presented  this  to  the  British  Museum.  He  has  contributed 
many  papers  on  his  favourite  subject  to  various  scientific 
publications. 

The  finances  of  the  Association  continue  in  a  satisfactory 
condition.  The  income  in  1907  was  slightly  larger  than  in  1906, 
but  the  increase  was  entirely  due  to  the  efforts  of  the  Secretary 
in  disposing  of  publications  and  duplicate  volumes  from  the 
library.  The  annual  subscriptions  and  admission  fees  were 
practically  the  same  in  1907  as  in  1906.  The  expenditure  for 
the  year  1907  was  ^^269  iis.  4d.,  as  compared  with  ^^243  2s.  5d. 
in  1906.  The  increase  of  ;^26  is  accounted  for  chiefly  by 
extraordinary  expenditure  on  "  illustrations,"  being  that  part  of 
the  cost  of  illustrating  Dr.  Rowe's  paper  on  the  Chalk  of  the 
Isle  of  Wight  which  was  incurred  in  1907. 

Three  numbers  of  the  20th  volume  of  the  Proceedings 
have  been  published  during  the  past  year.  A  fourth  number, 
consisting  of  Dr.  Rowe's  5th  and  concluding  part  of  "The 
Zones  of  the  White  Chalk  of  the  English  Coast,"  which  it  had 
been  intended  to  issue  in  1907,  was  delayed  by  various  causes, 
but  has  now  been  published  and  distributed  to  the  members. 

The  first  portion  of  Volume  XX,  actually  issued  in  1907, 
consists  of  208  pages,  with  seven  plates  and  twenty-five  text 
figures.    The  thanks  of  the  Association  are  due  to  the  various 
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authors  for  their  respective  contributions.  For  the  use  of 
blocks,  cliches,  and  photographs  used  in  illustrating  the 
Proceedings  thanks  are  due  to  H.  M.  Stationery  Office,  the 
Geological  Society  of  London,  W.  G.  Fearnsides,  and  Prof. 
S.  H.  Reynolds. 

The  additions  to  the  Library  during  the  year  consist,  as  usual, 
chiefly  of  volumes  of  Transactions  received  from  other  societies 
in  exchange,  together  with  a  few  reprints  of  papers  presented  by 
individual  authors.  The  Director  of  H.M.  Geological  Survey 
has  again  kindly  presented  various  official  Memoirs  published  by 
the  Survey  during  the  year. 

The  transfer  of  the  Association's  Library  to  the  University 
of  London  (now  representing  University  College)  has  taken 
place,  in  accordance  with  the  terms  of  the  resolution  passed  at 
the  Special  General  Meeting  held  on  July  6th,  1906,  and  the 
transaction  is  embodied  in  an  agreement  dated  June  6th,  1907, 
made  between  the  Trustees  of  the  Association  and  the  University 
of  London. 

The  Library  continues  to  be  housed  at  University  College, 
and  the  members  of  the  Association  will  henceforth  be  able  to 
use  it  as  well  as  the  Science  Library  of  the  College  under  the 
following  conditions,  in  which  the  term  "the  Library"  means  the 
combined  libraries  referred  to : — 

(i)  Members  of  the  Association  shall  have  the  right 
of  reading  all  books  in  the  Library  when  the  Library  is 
open. 

(2)  They  shall  also  have  the  right  of  borrowing  the  books 
in  the  Library  except  as  hereinafter  expressly  provided. 

(3)  The  Library  Committee  or  other  proper  authority 
of  the  University  may  in  their  discretion  place  any  book  or 
books  upon  a  list  of  books  not  to  be  issued  without  special 
leave. 

(4)  The  Librarian  shall  have  a  discretionary  power  of 
refusing  to  issue  any  book  without  special  leave,  but  on 
doing  so  he  shall  forthwith  report  the  fact  with  a  statement 
of  his  reason  to  the  Chairman  of  the  Library  Committee  or 
other  proper  College  authority. 

(5)  The  Librarian  shall  also  have  a  discretionary  power 
before  issuing  any  book  of  requiring  a  deposit  of  not  more 
than  one  guinea  to  be  made  in  the  office  of  the  College 
repayable  on  the  return  of  the  borrowed  book,  provided 
that  this  rule  shall  not  apply  to  books  transferred  by  the 
Association  to  the  University,  or  to  additions  to  be  made 
to  them  by  the  Association,  except  so  far  as  the  Association 
shall  from  time  to  time  determine. 

(6)  Once  a  year  with  a  view  to  an  annual  inspection  of 
the  library  the  University  may  require  the  return  of  all 
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books  at  or  before  a  specified  hour  on  a  specified  day,  and 
no  book  may  be  borrowed  within  three  days  of  that  date,  not 
counting  a  Sunday. 

(7)  No  member  may  borrow  more  than  three  books  at  a 
time  without  the  special  leave  of  the  Librarian,  and  every 
book  borrowed  from  the  Library  shall  be  returned  not  later 
than  the  date  of  the  Association  Meeting  next  but  one 
following  the  date  on  which  the  book  was  borrowed,  or 
within  three  calendar  months  from  the  last  mentioned  date 
whichever  period  shall  be  the  shorter. 

(8)  If  a  borrowed  book  be  lost  or  damaged  or  not 
returned  to  the  Library  when  required  in  accordance  with 
the  Regulations,  the  borrower  shall  forthwith  pay  to  the 
College  the  sum  which  the  Library  Committee  shall  estimate 
to  be  its  value,  or  any  less  sum  which  the  Library  Committee 
shall  in  its  discretion  think  proper  to  require,  provided  ihat 
the  Librarian  may  in  his  discretion  accept  the  return  or 
replacement  of  the  book  in  satisfaction  of  the  borrower's 
liability  under  this  regulation. 

(9)  On  not  more  than  twelve  evenings  in  the  year,  when 
the  Association  shall  meet  at  the  College,  the  Library  shall 
be  kept  open  until  8  o'clock  for  the  use  of  the  members  of 
the  Association,  and  for  the  borrowing  and  return  of  books. 
Suitable  dates  for  such  meetings  shall  be  arranged  by  the 
Association  with  the  Provost  of  the  College. 

The  Library  is  open  for  consultation  and  exchange  of  books 
between  the  hours  of  9  a.m.  and  5  p.m.  daily,  except  on  Saturday, 
when  it  is  closed  at  i  p.m.  It  is  also  open  on  meeting  nights 
up  to  8  p.m.  Members  who  cannot  attend  at  these  times  (and 
during  the  vacations)  can  have  books  sent  to  them  on  application 
to  the  Librarian,  University  College,  London,  W.C. 

As  soon  as  practicable  the  books  will  be  rearranged  and 
incorporated  in  the  existing  card  catalogue  of  the  Science  Library 
of  the  College. 

The  majority  of  the  serials  have  now  been  bound  up  by  the 
College  and  are  at  length  available  for  borrowing. 

The  amalgamation  of  the  two  libraries  has  placed  a  number  of 
duplicate  monographs  of  the  Palseontographical  Society  at  the 
disposal  of  the  Council,  and  these  have  been  offered  for  sale  to 
the  members. 

The  following  is  a  list  of  the  papers  read  at  the  evening 
meetings : 

"  The  Constitution  and  Management  of  Scientific  Societies "  (Presi- 
dental  Address),  by  R.  S.  Herries,  M.A.,  F.G.S. 

'*  On  the  Existence  of  the  Alpine  Vole,  Microtus  nivalis^  in  Britain  during 
Pleistocene  times,"  by  Martin  A.  C.  Hinton. 

"  The  Igneous  Rocks  of  the  Bristol  District,"  by  Prof.  S,  H.  Reynolds, 
M.A„  F.G.S. 
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**The  Carboniferous  Limestone  Sections  of  Burrington  Combe  and 
Cheddar,"  by  J.  F.  SiBLY,  B.Sc,  F.G.S. 

**  Recent  Researches  in  the  Lower  Carboniferous  Rocks,"  by  A.  Vaughan, 
B.A.,  D.Sc.,  F.G.S. 

"  The  Chalk  Area  of  Western  Surrey,"  by  George  W.  Young,  F.G.S. 

"  The  Geology  of  the  Appleby  District,  Westmorland,"  by  John  Edward 
Marr,  ScD.,  F.R.S.,  F.G.S. 

Lectures  were  delivered  by  HORACE  W.  MoNCKTON,  V.P.L.S.,  F.G.S., 
*•  On  a  Norwegian  Snow-field  and  its  Glaciers  "  ;  by  M.  M.  Allorge,  F.G.S., 
"  A  Geologist*8  Impressions  of  Mexico  "  ;  and  by  ARTHUR  L.  Leach, 
**  Notes  on  the  Geology  of  the  Tenby  District," 

The  thanks  of  the  Association  are  due  to  all  these  gentlemen. 

The  past  year  has  been  a  very  successful  one,  both  as  to 
numbers  of  Excursions  and  the  attendance  thereat.  Some  of  the 
Excursions  have  been  of  exceptional  interest.  The  increasing 
difficulty  in  finding  fresh .  localities  for  half-days  has  led  to  our 
continuing  to  have  more  whole-days  than  formerly,  but  as  these 
give  greater  opportunities  for  our  country  members  to  take  part  in 
our  Excursions,  we  think  that  this  departure  is  a  good  one. 

We  must  call  special  attention  to  the  September  Excursion, 
to  which  the  Fellows  of  the  Geological  Society  and  their  Foreign 
guests  were  invited,  a  considerable  number  of  whom  attended. 
It  has  resulted  in  a  very  hearty  invitation  to  the  Association  to 
visit  the  Paris  Basin  at  the  first  opportunity. 

The  Members  of  the  Association  have  again  shown  their  dis- 
approval of  early  starts  from  London. 

Three  visits  to  museums  were  made.  There  were  five  whole- 
day  and  twelve  half-day  Excursions,  besides  those  at  Easter  and 
Whitsuntide  and  the  Long. 

The  following  is  a  list  of  the  dates,  localities,  and  directors  : 


Datb. 
March  2  . 

March  9  . 

March  16 

March  33 

March  39  to  April  3 

(Easter) 

April  6     .        .        . 

April  13   . 


Place. 
British  Museum  (South 

Kensington) 
Bruce    Castle    Museum 

(Tottenham) 
British  Museum  (South 

Kensington)  Botanical 

Department 
East  Wickham   <*  Chalk 

Mines" 
Plymouth 


Bushey     and 
Green 

Tonbridge 


April  20  .        .        .    Lane  End 
April  27   .        .  Maidstone 

May  4  (whole  day)    Faringdon 
May  II   .        .        .    Crayford    and    Dartford 
Heath 


DiRSCTOiU 

Dr.   A.  Smith  Woodward, 

F.R.S.,  F.G.S. 
T.  W.  Reader. 

J.  Britten,  F.Z.S. 


A.  L.  Leach. 

W.  A.  E.  Ussher,  F.G.S. 


Croxley  J.  Hopkinson,  F.L.S., 
F.G.S.,  H.  Kidner, 
I?  (^  s 

.    W.  j.  Lewis  Abbott,  F.G.S., 

and    E.    W.    Handcock, 
p  p  c 

.    H.  J.  Osborne  White,  F.G.S. 
.    C.  W.  Osman,  M.I.C.E. 
.    LI.  Treacher,  F.G.S. 
A.   L.   Leach   and    R.  H. 
Chandler. 
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Datb. 
May  i8  to  32 

(Whitsun) 


Place. 
Bristol  and  the  Mendips 


June  I  (whole  day) 

June  8     .        .        . 

June  15   . 

June  22  (whole  day) 

June  29   . 

July  6  (whole  day) 

July  13    .        .        . 

July  20  (whole  day) 

July  27    .        .        . 


August  15  to  23 

(Long  Excursion) 
September  28  .        • 


Seaford  and  Newhaven 
Crowborough . 
Trin^  and  Ivinghoe 
Hastings 
Guildford 
Rochester 
Laindon  Hills 
Brill       . 


Ipswich  (Glacial)  at 
the  invitation  of  the 
Ipswich  Field  Club 

Appleby  and  District 

Reading         .        .        • 


Director. 

Prof.  S.  H.  Reynolds,  M.A. 
F.G.S.,  A.  Vaughan, 
B.A.,  D.Sc,  F.G.S.,  Prof. 
W.  S.  Boulton,  F.G.S., 
and  T.  F.  Sibly,  F.G.S. 

T.  V.  Elsden.  B.Sc..  F.G.S. 

The  President 

H.  Kidner.  F.G.S. 

W.  J.  Lewis  Abbott,  F.G.S. 

G.  W.  Young,  F.G.S. 

G.  E.  Dibley,  F.G.S. 

A.  E.  Salter,  D.Sc.  F.G.S. 

A.  Morley  Davies,  B.Sc, 
F.G.S. 

G.  Slater  (President  of  the 
Ipswich  Field  Club). 

J.  E.  Marr,  M.A.,  D.Sc, 
F  R  S 

H.  W.  Monckton,  F.L.S., 
F.G.S.,  O.  A.  Shrubsolc, 
F.G.S.,  and  H.  J.  Osborne 
White,  F.G.S. 

Detailed  Reports  will  be  found  in  the  Proceedings. 

The  loss  to  the  Association  through  guaranteeing  cheap 
railway  tickets  was  J[^2  13s.  5d. 

The  Excursion  Secretaries  responsible  for  the  conduct  of  the 
Excursions  during  the  year  were :  Miss  Pearse,  and  Messrs.  Dibley, 
Kidner,  Reader,  Stebbing,  A.  H.  Williams,  Wilks,  G.  W.  Young, 
and  A.  C.  Young. 

Thanks  are  due  to  the  Directors  of  the  Excursions,  and  also 
to  the  following  for  assistance  and  hospitality :  The  London  and 
North  Western  Railway  Company,  and  Colne  Valley  Water 
Company,'  at  Watford ;  Sir  John  HoUams  and  Mrs.  F.  HoUams, 
at  Tonbridge ;  Mr.  W.  H.  Bensted  at  Aylesford ;  Messrs.  A. 
Hunter,  J.  W.  Puzey,  and  Mrs.  Roberts,  at  Faringdon  ;  the  Rev. 

C.  Doughty,  at  Alfriston  ;    Col.  H.  H.  Godwin  Austen  and  Mr. 

D.  Williamson,  at  Guildford ;  Mrs.  Lewis  Abbott,  at  Hastings  ; 
the  Crowborough  Brick  Company  and  Mr.  L  Middleton,  at 
Crowborough ;  Mr.  A.  Brown,  at  Brill ;  the  Council  and  Ladies' 
Committee  of  Ipswich  Field  Club,  at  Ipswich ;  and  Mr.  F.  J. 
West,  at  Bruce  Castle  Museum. 

H.  M.  Geological  Survey  have  again  generously  presented 
various  maps  published  during  the  year.  These  are  a  valuable 
addition  to  the  resources  of  the  Association. 

Thanks  to  the  promptitude  of  the  Director,  Dr.  J.  E.  Marr, 
the  Long  Excursion  pamphlet  was  on  sale  this  year  at  the  July 
meeting.  The  practice,  started  last  year,  of  printing  extra  copies 
and  placing  them  on  sale  in  the  district  visited,  was  again 
adopted,  and  altogether  100  copies  of  the  Westmorland  pamphlet 
were  sold  during  1907. 
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The  Association  took  part  in  the  celebration  of  the  Centenar>' 
of  the  Geological  Society  in  September.  The  President 
attended  as  delegate  for  the  Association,  and  presented  an 
address,  the  text  of  which  has  appeared  on  page  376.  Allusion  has 
already  been  made  to  the  excursion  undertaken  in  connection 
with  the  celebration. 

The  following  are  the  changes  in  the  House  List : 

Mr.  R.  S.  Herries,  having  filled  the  Presidential  Chair  for 
the  past  two  years,  now  retires  from  that  office.  The  Association 
is  particularly  indebted  to  him  for  the  great  care  he  has  displayed 
in  conducting  the  negotiations  for  the  transfer  of  the  Library  to 
University  College,  by  which  the  Association  has  gained  substan- 
tial privileges.  He  has  also  contributed  a  thoughtful  address  on 
the  management  of  Scientific  Societies,  which  will  be  a  most 
useful  guide  in  the  framing  of  regulations  as  it  embodies  the 
experience  of  many  years.  His  constant  attendance  at  meetings 
and  excursions  has  also  been  of  great  support  to  the  Secretaries. 

Thanks  are  also  due  to  Capt.  Stiffe  and  Dr.  A.  Smith  Wood- 
ward, who  retire  from  the  Vice-Presidency;  to  Mr.  R.  Holland, 
who  finds  himself  compelled  to  resign  the  Treasurership  on 
account  of  increasing  business  pressure.  In  him  the  Association 
loses  a  most  efficient  officer,  who  has  managed  the  finances  with 
great  care  during  the  past  seven  years  and  now  leaves  them  in  a 
very  satisfactory  condition ;  and  also  to  Dr.  C.  W.  Andrews  and 
Mr.  G.  E.  Dibley,  who  retire  from  the  Council. 

It  will  be  a  source  of  gratification  to  the  members  that  the 
Association  has  now  entered  on  its  fiftieth  year,  which  it  will  com- 
plete on  November  29th  next.  To  mark  the  event  the  Council 
have  decided  to  bring  out  a  volume  dealing  with  the  geology  of 
those  parts  of  England  and  Wales  which  have  been  visited  by  the 
Association  during  the  course  of  its  excursions.  This  will  not  be 
exactly  on  the  lines  of  "The  Record  of  Excursions"  already 
published,  which  is  now  practically  out  of  print,  but  will  consist  of 
a  series  of  contributions  by  competent  authorities  on  the  geology 
of  the  various  districts  visited,  under  the  general  editorship  of 
Messrs.  H.  W.  Monckton  and  R.  S.  Herries. 

The  Council  also  feel  sure  that  the  members  would  wish  that 
on  such  an  occasion  the  opportunity  should  be  taken  of  giving 
special  recognition  to  the  small  band  of  survivors  of  those  who 
took  part  in  the  foundation  of  the  Association.  Rule  22 
empowers  the  Council  to  recommend  persons,  who  have  done 
some  special  service  to  the  Association,  as  Honorary  Members  at 
the  Annual  General  Meeting.  They  therefore  recommend  as 
Honorary  Members  the  following  persons : 

Mr.  William  Norton  Lawson,  who  was  nominated  a  member 
of  the  first  General  Committee  appointed  at  the  first  General 
Meeting  on  December  17th,  1858.  He  was  subsequently 
appointed  Secretary  in  i860. 
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Mr.  Geoi^e  Potter,  who  was  one  of  three,  Mr.  J.  E.  Wake- 
field and  Mr.  J.  Slade  being  the  others,  who  met  on  November 
17th,  1858,  and  decided  to  promote  the  foundation  of  the 
Association.  Mr.  Potter  was  again  present  at  the  resulting 
meeting  on  November  29th,  1858,  when  the  Association  may 
be  said  to  have  been  founded.  He  was  on  this  occasion 
nominated  a  member  of  the  Provisional  Committee  appointed 
to  draw  up  a  Code  of  Rules,  and  to  report  progress  to  the  first 
General  Meeting  held  on  December  17th,  1858.  He  was  then 
placed  on  the  first  General  Committee,  a  position  which  he  was 
obliged  to  resign  shortly  afterwards  owing  to  his  leaving  London. 
In  view  of  the  very  active  part  taken  by  Mr.  Potter  in  the 
foundation  of  the  Society,  the  Council  also  recommend  his 
election  this  year  as  a  Vice-President. 

Mr.  James  Ebenezer  Saunders,  who  was  present  at  the 
meeting  on  November  29th,  1858,  and  at  that  of  December  17th, 
was  nominated  a  member  of  the  first  General  Committee, 
appointed  at  the  latter  meeting. 

It  was  moved  by  Mr.  A,  S.  Kennard  and  seconded  by  Mr. 
John  Sheer  and  resolved  that  the  report  just  read,  including  the 
Statement  of  Account,  be  adopted  as  the  Report  of  the  Associa- 
tion for  the  year  1907. 

The  President  then  formally  proposed  the  election  of  the 
three  persons,  recommended  in  the  Annual  Report,  as  Honorary 
Members.     This  was  carried  nem,  con. 

The  scrutineers  reported  that  the  following  had  been  duly 
elected  as  Officers  and  Council  for  the  current  year  : 

President  : 
Professor  W.  W.  Watts,  M.A.,  M.Sc,  F.R.S.,  Sec.  G.S. 

Vice-Presidents  : 

UpBeld  Green,  F.G.S.  I      E.  T.  Newton,  F.R.S.,  F.G.S. 

R.  S.  Hemes,  M.A.,  F.G.S.  |      G.  Potter,  F.R.M.S. 

Treasurer : 
J.  V.  Elsden,  B.Sc,  F.G.S. 

Secretaries  : 
G.  W.  Young,  F.G.S.  |  A  C.  Young,  F.C.S. 

Editor: 
H.  W.  Monckton,  V.P.L.S.,  F.G.S.,  F.R.N.S. 

Librarian  : 
Prof.  E.  J.  Garwood,  M.A.,  Sec  G.S. 
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Council  : 


H.  A.  Allen,  F.G.S. 

J.  V.  Elsden,  B.Sc,  F.G.S. 

Prof.  E.  J.  Garwood,  M.A.,  F.G.S. 

Walcot  Gibson,  B.Sc,  F.G.S. 

Upficld  Green,  F.G.S. 

R.  S.  Herries,  M.A.,  F.G.S. 

R.  Holland. 

T.  V.  Holmes,  F.G.S. 

Miss  M.  S.  Johnston. 

H.  Kidner,  F.G.S. 

H.  W.  Monckton,  F.L.S.,  F.G.S. 


E.  T.  Newton,  F.R.S. 

G.  Potter,  F.R.M.S. 

T.  W.  Reader,  F.G.S. 

A.  E.  Salter,  D.Sc,  F.G.S. 

Miss  Ida  L.  Slater. 

W.  P.  D.  Stebbing,  F.G.S. 

LI.  Treacher,  F.G.S. 

Prof.  W.  W.  Watts,  M.A.,  F.R.S. 

W.  Whitaker,  B.A.,  F.R.S. 

A.  C.  Young,  F.G.S. 

G.  W.  Young,  F.G.S. 


The  best  thanks  of  the  Association  were  voted  to  the 
Officers,  and  Members  of  Council  retiring  from  office,  to  the 
Auditors  and  to  the  Scrutineers. 

The  President  then  delivered  the  Annual  Address,  entitled, 
"  The  Centenary  of  the  Geological  Society." 

On  the  motion  of  Mr.  J.  L.  Foucar,  seconded  by  Dr.  C.  G. 
Cullis,  it  was  resolved  :  "  That  the  President's  Address  just  read 
be  printed  in  full." 

Mr.  H.  B.  Woodward  then  moved :  "  That  a  cordial  vote  of 
thanks  be  given  to  Mr.  R.  S.  Herries,  the  retiring  President,  for 
the  excellent  way  in  which  he  had  carried  out  the  duties  of  the 
office  during  the  past  two  years."  This  having  been  seconded  by 
the  Secretary,  Mr.  G.  W.  Young,  was  carried  by  acclamation. 

This  terminated  the  Annual  General  Meeting. 


ORDINARY    MEETING. 

Friday,  February  yxH,  1908. 

Prof.  W.  W.  Watts,  M.A.,  M.Sc,  F.R.S.,  F.G.S.,   President, 
in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
Mrs.  Emily  J.  Alder,  Capt.  J.  Dyer,  A.  Forbes,  C.S.I. 

There  being  no  other  business  the  meeting  then  terminated. 
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THE     ZONES     OF      THE     CHALK     IN     THE 

THAMES    VALLEY    BETWEEN     GORING 

AND     SHIPLAKE. 

Bt  CHARLES  P.  CHATWIN  and  THOMAS  H.  WITHERS. 
WITH  AN  APPENDIX  BY  GEORGE  J.   HINDE,  Ph.D.,  F.R.S. 
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VI.    List  of  Fossils 416 

VII.    Appendix 420 


I.— INTRODUCTION. 


THE  following  paper  contains  the  results  of  a  detailed  ex- 
amination of  those  Zones  of  the  Chalk  which  are  exposed 
in  the  Thames  Valley,  near  Reading.  The  area  dealt  with  lies 
between  Goring  and  Shiplake  on  the  north  bank,  and  between 
Streatley  and  Reading  on  the  south,  and  with  the  exception  of  a 
small  tract  in  the  immediate  vicinity  of  Goring,  the  whole  is 
included  in  the  portion  of  Sheet  268  of  the  one-inch  Geological 
Survey  Map,  New  Series,  which  is  reproduced  as  Plate  XXIV. 
The  pits  marked  i,  2  and  16  on  the  Plate  are  just  outside  the 
area  of  Sheet  268,  and  in  that  of  the  adjoining  Sheet,  No.  254. 

Although  the  Chalk  of  this  stretch  of  country  has  been  ex- 
amined by  Professor  Barrois,*  and  more  recently  by  the  Geo- 
logical Survey,t  little  is  known  of  its  zoology,  and  in  not  a  few  of 
the  sections  neither  the  zones,  nor  their  limits,  have  been  correctly 
determined.  The  objects  of  our  examination  were  to  determine, 
from  zoological  evidence,  the  zones  of  the  Chalk,  and,  where 
possible,  to  define  their  junctions. 

In  the  first  instance  we  had  intended  to  work  over  a  much 
larger  piece  of  country,  but  Mr.  H.  J.  Osborne  White  advised  us 
that  the  small  area  dealt  with  in  this  paper  would  repay  a  closer 
inspection  than  either  Professor  Barrois  or  the  Geological  Survey 
had  been  able  to  give  it.  For  general  advice,  and  also  for  useful 
information  about  the  position  of  many  of  the  pits,  we  are  greatly 
indebted  to  him. 

Professor  Barrois,  in  his  account  of  this  area,  recorded  at 
Whitchurch  the  zone  oi  Micraster  cor-testudinarium  ;  further  east, 

•  Charles  Barrois.  Recherches  sur  le  terrain  Critac^  sup^rieur  de  TAngleterre  el  de 
rirlande.    4to.    Lille,  1876.     Pp.  147-149.  „    -, 

t  •'  The  Geology  of  the  Country  around  Reading,'*  by  J.  H.  Blake  and  H.  W. 
Monckton,  Jf«m.  G*ol.  Surv.^  1903.  "The  Cretaceous  Rocks  of  Briuin,"  by  A.  J. 
Juke»-BrowDe,  Af  «m.  G$ol.  Surv.,  3  vols.,  1900-04.    See  vol.  ill,  pp.  2os-aaa. 


THE  ZONES  or  THE  CHALK  IN  THE  THAMES  VALLEV.  39I 


or 


^5 


I 


.«^ 

z 

3 

w 

T 

G 

r 

3 

>- 

* 

^ 

r 

^ 

^ 

> 

P 

^ 

J 

^ 

0 

w 

0 

'■> 

ft 

i 

2 

D 

2 

y 

0 

V 

? 

—  "^ 

?o? 

3? 

21 

IP 

33 

5 

^     "T3 

to 

i 

3 

0 

C- 

*4 

•» 

SE 

C 

14 

cr 

e: 

g 

p 

5- 

^ 

t«* 

C- 

n 

<9 

» 

i^s 

1 

0 

■3 

c  t 

0 

^S 

S. 

^ 

■ 

H 

^ 

s* 

:s 

;; 

f!| 

^ 

n 

n 

^ 

^ 

E 

^ 

:!" 

ffl 

^'■ 

?c 

r 

^ 

71 

L 

,« 

R 

E 

« 

*" 

1 

D 

a^ 

ra 

P 

? 

»,^ 

? 

H 

*' 

TS 

qp 

Sh 

r^ 

il 

?: 

3o 

1 

5 

> 

y 

o 
O 


'39*  C.   p.   CHATWIN  AND  T.    H.   WITHERS  ON 

at  Hardwick  House  and  Chazey  Farm,  the  zone  of  Micraster  cor- 
anguinum  ;  and  at  Caversham,  his  zone  of  Marsupites  ;  whereas 
the  chalk  of  all  these  sections,  as  we  shall  show,  is  within  the 
limits  of  the  zone  of  Micraster  cor-angutnum,  as  defined  by  Dr. 
Rowe.  In  the  account  of  this  district  by  the  Geological  Survey  a 
few  more  sections  were  described,  and  doubt  was  thrown  on  the 
occurrence  of  Marsupites  Chalk  at  Caversham,  but  little  of 
importance  was  added  to  Professor  Barrois'  account. 

With  the  exception  of  the  quarry  at  Span  Hill,  all  the  pits 
visited  have  long  been  disused.  In  describing  the  sections  on 
the  two  sides  of  the  Thames  Valley,  we  shall  commence  in  each 
case  with  those  on  the  west.  We  should  mention  that  the  general 
dip  of  the  strata  is  in  a  south-easterly  direction. 

II.— EXPOSURES    ON    NORTH    SIDE    OF    VALLEY 
(OXFORDSHIRE). 

Clevemede,  Goring.  (No.  i.*) 

A  good  section  in  the  Rhynchonella  cuvieri-zonQ  is  shown  in  a 
pit  almost  level  with  the  Thames,  adjoining  Clevemede,  Goring. 
The  pit  is  in  private  grounds,  but  we  were  permitted  to  examine 
it  by  the  kindness  of  the  owner,  Mrs.  Fife.  The  section  is  much 
weathered,  and  is  overgrown  in  parts  with  trees  and  shrubs,  the 
talus  having  accumulated  on  the  face  of  the  pit  to  a  height  of 
some  IS  ft.  Flints  are  entirely  absent.  The  rocky  chalk  seen  at 
the  base  of  the  chalk  exposed  is  probably  not  far  above  the  top 
of  the  Melbourn  Rock.  Fossils  are  very  numerous,  and  nearly  all 
the  typical  fossils  of  this  zone,  including  thirty-two  examples  of 
Rhynchonella  cuvieri^  were  collected.  The  following  section  can 
be  distinguished : 

c  ft  in. 

Gravelly  soil 3      o 

Hard,  white  chalk 80 

Rhynchonella  cuvieriy  Ttrebratula  semiglohosa^ 
Inoceratnus  labiatus. 
Hard,  rocky,  rather    vellowish  chalk,  gritty 
Zone  OF  with  fragments  of  fossils .        .        .        .      13      o 

Rhynchonella  •         RhynchontUa     cuvieri,     Terehratula    semi- 
CUVIERI.  globosa,    Conulus  castanea,   CardiasUr  pyg- 

mcms^  Hemiasttr  minimus^  Discoidea  dixont\ 
Cidaris  cUxvigtra^  Inoaramus  labiatus^ 
Plicatula  sigiilina  (^^Dimycdon  nilssoni), 
Spondylus  la/uSf  Spondylns  sp.,  Serpula 
plana^  Placopsilma  anomana. 

Talus   ....       15       o 

White  Hill,  E.N.E.  of  Goring  Station.  (No.  2.) 

There  are  two  small  exposures  (see  Fig.  28)  by  the  side  of  the 
road  running  up  White  Hill,  one-third  of  a  mile  E.N.E.  of  Goring 

*  The  numbers  of  the  sections  are  marked  on  the  map,  PI.  XXIV. 
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Station.  The  lower  one  (A)  is  in  the  Terebratulina-zone^  and 
there  Terebratulina  gracilis,  var.  lata  is  very  abundant.  The 
sponge,  Verrucacoelia  tuberosa,  described  by  Dr.  G.  J.  Hinde  in  the 
Appendix  (see  p.  420,  Fig.  31),  was  obtained  from  that  section.  In 
the  second  one  (B),  about  30  yards  farther  up  the  road,  there  is 
a  good  exposure  of  the  Chalk  Rock,  but  fossils  are  very  difficult 
to  extract  from  it,  owing  to  its  particularly  hard  and  massive 
character.  A  stalagmitic  crust  of  bright  yellow  colour,  i  to  ^  in. 
in  thickness,  was  there  noticed  on  the  blocks  of  Chalk  Rock,  as 
well  as  on  some  of  the  fossils.  This  feature  has  not  been  observed 
in  the  other  exposures  of  the  Chalk  Rock  examined  by  us,  either 
in  this  area  or  in  other  parts  of  Oxfordshire.  Formerly  the  beds 
above  the  Chalk  Rock,  including  the  "top-rock"  (described 
below),  were  seen  in  this  road-cutting,  and  are  described  in 
the  Survey  Memoirs,*  but  at  the  present  time  these  beds  are  not 
visible.  The  lower  section  (A)  was  probably  not  then  exposed, 
as  no  mention  is  made  of  it. 

The  finding  of  three  examples  of  Terebratulina  gracilis,  var. 
lata  above  the  marl  band  in  section  B  is  noteworthy,  as  until 
now  this  fossil  has  never  been  recorded  in  this  position  in 
Berks.,  Bucks.,  or  Oxon.  So  far  as  we  can  ascertain  no  specimens 
of  Micraster  have  been  found  in  this  exposure.  Echinocorys 
scutatus,  Spondylus  spinosus,  and  Terebratula  carnea  are  the  only 
fossils  recorded  from  this  section  by  the  Survey ;  they  were  found 
in  the  nodular  chalk  (bed  6)  formerly  to  be  seen  above  the  Chalk 
Rock. 

Only  beds  1—5  and  18  in.  of  bed  6  of  the  following  section 
are  now  visible.  The  description  of  beds  6—8  is  consequently 
from  the  Survey  Memoir. 


SECTION   B. 


MlCR^ASTER°^rOR  \^'    ^""^^^  ^^^^«  ^^^^^  ^^^^  *  ^*y^*"  ^^   ^'""^  *^"' 
TES^^DlNARmM."/  ^'^  -  '-^  ^»^-^  ^'  ^^«  »--  •  • 

['*  Top-Rock  *']    Hard,  yellowish   rock   in 
loose  lumps,  but  without  nodules.      Ven- 

triculitis •         I 

Nodular  chalk,  consisting  of  hard  lime- 
stone lumps,  embedded  in  loose,  powdery 
chalk  with  a  few  scattered  flints  .  .  12 
Chalk  Rock.  Hard,  white  limestone  with 
green  grains  and  a  band  of  green-coated 
nodules,  passing  down  into  very  hard 
compact  yellowish  rock  with  green 
grains  and  several  layers  of  green-coated 

nodules 4 

Holaster  planus^  Rhynchonella  reedtnsis^ 
i?.  limhaia,  Terebratula  semiglohosa,  Fleuro- 
tomartaperspectiva^  Soiariellagemmaia^  Ostrea 
semiplana^  Spondylus  spinosus^  Oxyrhina  sp. 

*  Reading,  p.  xo ;  and  Cret.  Rocks,  vol.  iUi  p.  «o8. 


ft.    in. 


Zone  of 
Holaster 

PLANUS. 
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Zonk  of 
Terebratulina. 


Zone  of 
Terebratulina. 


4.  Hard  white  rock  passing  down  into  rough 

nodular  chalk 26 

Terebratulina    graciiiSy    var.    lata     (three 
examples),  Inoceramus    sp.,  Lima   hoperiy 
Ostrea    vesicularis,    FHcaiula    sigillina  (== 
DtmyodoH  nilssant)^  Haplophragmium, 
3.  Bufif-coloured  shaly  marl  band  (W.  side  of 

section) 03 

Metopaster  sp.,  Ostrea  (fragments),  Cyther- 
ella  muensteriy  C,  ovata, 
2.  Soft,  greyish  chalk  with  harder  lumps, 
just  seen. 
Terebratulina  grcuiliSy  var.  lata  (common), 
Bairdia  subdeltoidea^  CythereUa  tntunsteri^ 
C,  evata, 

SECTION    A. 
/I.  Greyish,  irregular  blocky  chalk  with  marly 
veins  and  without  flints,  becoming  softer 
and  whiter  below     .....         66 
Terebratulina     gracilis^     var.     lata     (very 
common),  Rhynchonella  aevieri^  Terebratula 
carneay     T,    semigbbosa^    Bourgueticrinus, 
Asteroid  ossicle,  Inoceramus  cuvieri^  Inocer- 
amus      sp.,     Ostrea     vesiculariSy    Plicatula 
barroiiiy  P,  sigillina  (=  Dimvodon  nilssont)^ 
Spondylus  sfiinosus,  Verrucoceelia  tuberosa, 

Gatehampton  Farm,  E.  of  Ooring.  (No.  3.) 

The  following  section,  which  is  in  the  zone  of  Terebratulina^  is 
seen  on  the  slope  above  Gatehampton  Farm,  east  of  Goring.  A 
fissure  runs  almost  vertically  down  the  middle  of  the  pit,  the  chalk 
on  both  sides  being  slickensided.  Near  the  top  of  the  pit  is  a 
well-marked  marl  band,  and  this  is  probably  the  lower  marl  band 
seen  some  16  feet  below  the  Chalk  Rock  at  Streatley  (see  below, 
p.  406).  In  this  pit  Terebratulina  gracilis  var.  lata  is  very  common 
above  the  marl  band,  but  very  rare  below  it,  only  one  specimen 
having  been  found.  Fragments  of  Ostrea  vesicularis  are  very 
numerous  in  the  bottom  bed.  The  section  has  been  described 
by  the  Geological  Survey,*  but  no  fossils  have  ever  been  recorded 


from  it. 


Zone  of 
Terebratulina 


f  I.  Firm,  white  chalk  without  flints 

Terebratulina  gracilis^  var.  lata  (common) 

2.  BufF-coloured,  soft  marl  band     . 
Terebratulina    gracilis^    var.   lata   (fairly 
common),  Bourgueticrinus^  Camerospongia 
capttata^  Cyiherella  oveUa, 

3.  Massive,  firm,  white  chalk  with  a  few 
scattered  globular  flints,  and  a  thin 
tabular  flint  line  4  ft.  below  marl  band  . 
Terebratulma  gracilis^  var.  lata  (rare), 
Holaster  planus^  Bourgueticrinus^  Echinoid 
spine,  Lima  hoperi,  Plicatula  harroisi^  Ino- 
ceramus,  Ostrea  hippopodium^  0.  vesicularis^ 
Spondyius  dutempleanus^  Serpula  ampullacea^ 
Scalpellum  sp.,  Hippothoa  dtspersa^  Fish- 
scales. 

*  M%m,  Geol.  Survey  (Expl.  Sheet  268),  Reading,  p.  8, 1903. 


ft. 
7 


ID. 
O 
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Hart's  Lock  Wood.   (No.  4,) 

A  very  fine  section  is  to  be  seen  in  the  river  bluff  opposite 
Basildon,  a  little  more  than  one  mile  N.W.  of  Coombe  Lodge, 
near  Whitchurch.  It  is  the  only  exposure  in  the  Thames  Valley 
above  Reading,  which  shows  the  whole  of  the  zone  of  Holasier 
planus  and  its  junctions  with  the  zones  above  and  below.  The 
face  of  the  pit  is  almost  vertical,  and  about  20  feet  of  the  chalk  at 
the  base  is  obscured  by  talus.  In  parts  the  pit  is  overgrown  with 
trees  and  shrubs.  The  section  has  been  previously  described,* 
but,  owing  to  the  inaccessibility  of  the  upper  part  of  the  quarry, 
nothing  definite  Ijas  hitherto  been  ascertained  with  regard  to  those 
beds.  It  has  now  been  found  possible  to  examine  them  in 
detail,  and  the  measurements  and  descriptions  are  given  in  the 
section  below.  The  rock-bed  usually  developed  at  the  top  of  the 
Holaster  planus-zonQ  in  this  part  of  the  country  does  not  occur 
here,  but  the  yellowish  lumpy  and  nodular  chalk  (hard  and  soft 
mixed,  bed  6  of  the  section  given  below)  approximately  marks 
the  junction  with  the  zone  of  Micraster  cor-testudinarium^ 
and  therefore  may  be  regarded  as  its  equivalent.  The 
Micrasters  from  this  chalk  (bed  6)  are  clearly  passage  forms, 
and  have  feebly  inflated  interporiferous  areas;  but  just  above 
this  bed  the  Micrasters  have  strongly  inflated  "areas,"  and 
are  undoubtedly  of  the  Micraster  cor-testudinarium-Txyvi^  type. 
A  remarkably  fine  specimen  of  Micraster  cor-bovis  was  obtained 
from  near  the  top  of  bed  5.  The  highest  chalk  (bed  7)  seen  in 
this  section  is  the  only  exposure  of  the  Micraster  cor-testudinarium 
zone  that  we  have  observed  in  this  area,  and  unfortunately  very  few 
fossils,  except  Micrasters,  could  be  obtained  from  it.  No  fossils, 
other  than  Micrasters,  appear  to  have  been  recorded  from  this 
section  by  the  Geological  Survey.  The  following  is  the  section 
seen,  with  the  fossils  obtained  from  the  various  beds : 

ft.    in. 
White  chalk,  with  many  nodular  and  tabular 

flints  in  courses \^      o 

Micraster  prtecursor,  Bourgtuticrinus  sp., 
AfetopasUr  parkinsoni^  Rhynchomlla  limbata, 
Terebratula  carma^  T.  semigiobosa,  Plicatula 
sigillina  (=  Dimyodon  nihsont)^  Serpula 
fiuctuatay  Batrdia  subdeltoidta^  Cytherella 
ovatQy  Clinopora  lineata^  Stphontotyphlus 
plumatus^  Spinopora  dixoni^  Prolgscina 
angustata^  CrisUHaria  rotulata, 

*  Utmi,  Geol.  Survty,  Geol.  London  Basin,  1872,  p.  47 ;  Cret.  Rocks,  vol  ill,  pp.  207- 
2904;  Reading,  pp.  9-10, 1903. 


Zone  of 
Micraster  cor- 
testudinarium. 


396 


C.    p.    CHATWIN   AND   T.    H.   WITHERS  ON 


Zone  of 
holaster 

PLANUS. 


Zone  of 
Terebratulina. 


Yellowish  lumpy  and  nodular  chalk  (hard 
and  soft  mixed),  with  small  elongate  and 

globular  flints 

Micrasier  prcecursor^  Echinocorys  scuiatus^ 
var.  gibbuSy  Kingena  lima^  KkynchotuUa 
reedensiSy  Tertbratula  Simiglobosa^  Venlri' 
cuiites  sp,  Cytfurella  ovata^  Stomaiopora  sp., 
cf.  calypso^  Cristellaria  rotulata. 
Nodular  and  lumpy  white  chalk,  with  very 

few  flints 

Micraster  cor-hovis^  M.prcpcursor^  M.  cor-tes- 
tudinariumy  Eckimocorys  scutatuSy  var.  gihbuSy 
Holastir placentay  Cidaris  serriferay  fsocrtnuSy 
Mtiopaster  parkinsoniy  Tirtbratula  carma^ 
T,  stmighbosay  Rhynchonella  retdensiSy 
Spondylus  latuSy  Pltcaiuia  sigillina  (==Dtmyo- 
don  niiss(mi)y  Osireasemipianay  O.  vgsiculariSy 
Plocoscyphia  convoiutay  VentrwuliUSy  Fro- 
doscina  radiolUorum^  P,  ramosuy  Stomatopora 
gracilis. 

Chalk  Rock. — Two  distinct  bands  of  com- 
pact yellowish  rock,  with  green  grains, 
and  containing  several  bands  of  green- 
coated  nodules  ;  the  bands  separated  by 

lumpy  white  chalk 

Micraster  prcecursor^  HolasUr  planuSy  Tert- 
bratula semigbbosay  Rhynchomlla  nedensiSy 
Solariella  g^mmatay  Trochus  scAluttriy 
Pleurotomariay  Inoceramus  sp.,  Ostrea  semi' 
planay  Reptomullisparsa  congesta. 
^3.  Nodular    chalk   passing   down    into   more 

massive  chalk 

Tertbratula  semiglobosay  Inoceramus  cuvieriy 
Asteroid  ossicle. 

Buff-coloured  marl  band      ,        •        .        . 
Ostrea     sp.,     Inoceramus     sp.,     CytAerella 
ovata. 
Grey,    irregular    blocky    chalk,    becoming 

whiter  below.     Much  talus    . 
Terebratulina  gracilis^  var.  lata  (rather  rare), 
Inoceramus     cuvieriy      Ostrea      vesicularisy 
PtycAodus  sp. 


ft. 


16 


N.W.  Corner  of  Park  of  Coombe  Lodge.  (No.  5.) 

The  road  banks  at  the  north-western  corner  of  the  Park  of 
Coombe  Lodge,  near  Whitchurch,  show  very  small  sections  of 
firm,  white,  flaggy  chalk,  with  solid,  black  nodular  flints  having  a 
thin  white  cortex,  and  small  globular  flints  which  are  cavernous. 
Tabular  flint  lines  are  also  seen.  The  sections  are  in  a  very  bad 
condition,  showing  no  more  than  18  in.  of  chalk  No  typical  zonal 
fossil  was  found,  so  that  we  have  no  direct  evidence  as  to  the 
horizon  of  these  exposures,  but,  judging  from  their  position,  they  are 
probably  in  the  lowest  part  of  the  zone  of  Micraster  cor-anguinum. 
The  frequent  occurrence  of  radioles  of  Cidaris  clavigera  in  these 


THE  ZONES   OF  THE  CHALK   IN   THE  THAMES   VALLEY.      397 

sections  makes  it  probable  that  they  are  at  about  the  same 
horizon  as  the  pits  behind  the  school  at  Whitchurch  (No.  6),  and  at 
Bozedown  Farm,  a  little  farther  east ;  for  at  both  those  places 
these  radioles  are  very  common  at  the  base  of  the  sections,  and 
we  have  not  found  them  in  such  numbers  elsewhere.  The 
following  were  the  only  fossils  obtained  by  us : 

Cidaris  clavigera  (radioles)       Inoceramus  (fragments) 

„       sceptrifera  Serpula  plana 

Asteroid  ossicle  „      fluctuata. 


Whitchurch.    (No.  6.) 

The  base  of  the  zone  of  Micraster  cor-anguinum  is  seen  in  a 
pit  behind  the  school-house,  on  the  main  road,  north  of  the 
village  of  Whitchurch.  A  vertical  face  of  about  30  ft.  of  chalk  is 
exposed,  but  only  the  lower  beds  are  accessible.  At  the  base  of 
the  section  there  is  just  over  2  ft.  of  yellowish  nodular  chalk, 
above  which  the  chalk  is  white  and  in  massive  beds.  Nodular 
flints,  black  inside  with  a  thin  white  cortex,  occur  in  layers  from 
2  to  3  ft.  apart,  and  between  these  layers  are  some  scattered 
cavernous  flints  and  some  thin  tabular  bands.  In  the  middle  of 
the  section  a  fault  is  seen,  hading  at  an  angle  of  about  70  degrees, 
the  downthrow  being  7  in.  to  the  west,  and  another  fault,  hading 
at  the  same  angle  in  the  opposite  direction,  meets  the  former 
about  18  ft.  from  the  bottom  of  the  pit.  Shattered  bands  of 
tabular  flint  occur  along  both  lines  of  fault  Professor  Barrois 
describes  a  section  "  north  of  Pangbourne,"  which  he  refers  to 
the  zone  of  Micraster  cor-testudinarium^^^  and  this  is  probably  the 
place,  for  we  have  failed  to  find  any  evidence  of  another  exposure 
in  this  locality.  The  quarry,  however,  must  have  been  very 
different  when  Professor  Barrois  saw  it,  for  he  gives  the  thickness  as 
15  metres,  whereas  now  the  exposure  is  no  more  than  10  metres. 
He  mentions  a  bed  of  yellowish  nodular  chalk  about  20  ft.  from  the 
top  of  his  section,  and  a  similar  bed  occurs  at  the  bottom  of  the 
section  now  seen  at  Whitchurch.  There  is,  however,  a  little  doubt 
about  the  matter,  and  this  doubt  was  evidently  felt  by  the  Geological 
Survey,  for  in  one  Memoir,  t  in  reference  to  this  exposure,  it  is  stated 
"  it  can  hardly  be  this  one,"  and  in  a  later  Memoir  J  it  is  said  "  this 
must  be  the  exposure."  Professor  Barrois  records  Inoceramus 
cuvieri  and  Micraster  cor-testudinarium  from  the  lower  part  of  the 
pit.  Mr.  H.  J.  Osborne  White§  has  also  found  near  the  base  of 
the  section  Cidaris  ciavigera,  C.  sceptrifera,  and  fragments  of 
Inoceramus.  Radioles  of  Cidaris,  especially  those  of  Cidaris 
clavigera,  are  very  common  near  the  base  of  this  section.     Two 

•  C.  Barrois,  op.  cit.,  p.  X48. 

t  Mem,  Gtol.  Surv.  (Expl.  Sheet  968),  Reading,  p.  ix,  7903. 
i  Mtm.  GmI.  Sitrv,,  Cret.  Rocks,  vol.  iii,  p.  ais«  1904. 
§  Mtm,  GmL  Surv.,  Cret.  Rocks,  vol.  iii,  p.  215,  X904« 
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examples  of  Kingena  lima  were  found  here  close  together.      The 
following  is  a  list  of  the  tossils  collected  by  us  : 

Micraster  cor-anguinum  Pycinaster  sp. 

Cidaris  clavigera  Kingena  lima 

„       hirudo  Rhynchonella  recdensis 

„      perornaia  Inoceramus  (fragments) 

„       sceptrifera  Ostrea  vesicularis 

Holaster  placenta  Spondylus  latus 

cf.  Hagenowia  rostrata  Serpula  fluctuata 

Salenia  granulosa  „       sp. 

Mitopaster  parkinsoni  Cytherella  muensteri 

Stauranderaster  bulbiferus         Ventriculites  cribrosus 

„  ocellatus  Meliceritites  lonsdalei 

„  sp.  Oxyrhina  sp. 

Pentagonaster  obtusus  Fish-scales. 


BozEDOwN  Farm.    (No.  7.) 

About  half  a  mile  along  the  road  east  of  Whitchurch,  at  the 
side  of  some  cottages  behind  Bozedown  Farm,  another  section 
of  chalk  in  the  lower  part  of  the  Micraster  cor-anguinum  zone  is 
seen.  Prof.  Barrois,  who  visited  this  section,  referred  it  to  the 
zone  of  Micraster  cor-testudipiarium^  and  recorded  from  it 
Inoceramus  involutus^  L  cuvieri,  Rhynchonella  plicatilis,  Cidaris 
clavigera,  Micraster  cor-testudinarium,  Echinocorys  scutatuSy  var. 
gibbus.  Asteroid  ossicles,  and  Porosphcera  globularis.  It  will  be 
seen  that  the  only  fossil  really  characteristic  of  the  Micraster 
cortestudinarium-zonQ  is  Echinocorys  scutatuSy  var.  gibbus^  and 
even  this  fossil  is  often  found  in  the  lower  part  of  the  Micraster 
cor-anguinum-zout,  Inoceramus  involutus  is  much  more  typical 
of  the  M,  cor-anguinum-zone,  and  Micraster  cor-testudinarium 
is  found  in  the  base  of  the  M,  cor-anguinum-zone,  as  well  as  in 
the  zone  of  M,  cor-testudinarium.  The  above  list  has  been 
quoted  in  the  Survey  Memoirs,!  but  in  the  Reading  Memoir 
Micraster  cor-anguinum  is  inserted  in  the  place  of  Micraster 
cor-testudinarium. 

The  section  now  seen  shows  about  18  ft.  of  firm,  white 
chalk,  with  three  bands  of  massive  tabular  flint  occurring  at 
intervals  of  from  3  to  4  ft.  These  bands  form  a  very  con- 
spicuous feature.  The  flint  is,  for  the  most  part,  solid,  with  a 
thin,  white  cortex.  A  few  scattered  cavernous  flints  are  seen 
between  the  above  bands.  Fragments  of  a  large  Inoceramus, 
and  radioles  of    Cidaris  clavigera,    are  very  common  at  the 

*  C.  Barrois.  op.  cit.^  p.  14S. 

t  Mem.  Geol.  Survey  (Expl.  Sheet  268),  Reading,  p.  12,  1903;  Cret.  Rocks,  voL  iU, 
pp.  ai5,  216, 1904. 
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bottom  of  this  section.     The  following  are  the  fossils  collected 
here : 


Micraster  cor-anguinum 
Cidaris  clavigera 

„       sceptrifera 
Baurgueticrinus  sp. 
Rhynchonella  reedensis 
Terebratula  semiglobosa 
Spondylus  laius 


Inoceramus  cuvieri 

„  (fragments) 

Serpula  fluctuata 

„       plana 
Oxyrhina  manielU 
Reptoceratites  roivei 
Stomatopora  gracilis. 


Pit  by  Road  Running  South  from  Path  Hill.    (No.  8.) 

Another  exposure  in  the  zone  of  Micraster  cor-anguinum  is 
seen  on  the  west  side  of  the  road  running  south  from  Path  Hill, 
one  mile  east  of  Whitchurch.  A  small  fault  runs  down  the 
centre  of  the  pit,  with  a  downthrow  of  6  inches  to  the  east. 
About  half-way  up  the  face  of  the  pit  there  is  a  hard  band  of 
u"on-stained  chalk,  but  no  fossils  were  found  in  it.  Columnals  of 
Isocrinus  (=  Pentacrinus)  of  a  small  size  occur  in  the  chalk 
beneath  this  iron-stained  band.  Many  of  the  nodular  flints  are 
cavernous  and  contain  flint-meal  which,  when  washed,  yields 
unusually  large  numbers  of  Ostracods,  Bairdia  subdeltoidea  being 
the  most  common  species.     The  following  section  is  seen  : 

ft.     in. 
3.  Firm,    white,    closely-bedded    chalk    with 

several  layers  of  nodular  flints  .  .  12  o 
Micraster  cor'anguinum^  Htlicodiadtma  fra- 
gile^ Metopaster  parkinsont^  Plicatula  sigillina 
{s=^Dimyodon  nilssani)^  Serpula  ampuUacea^  S, 
Jluctuata^  S.  ilium,  S.  plana,  Bairdia  su6- 
deltoidea,  Btrenicea  papulosa,  Bennicea  sp., 
Clinopora  limata,  JEntalobhwa  geminata,  E. 
virgula,  var.  rarippra,  E.  virgula,  var.  sub* 
gracilis,  HomoeosoUn  sp.,  MelicerttiUs  Ions- 
daUi,  Membranipora  aentata,  M,  elltptica, 
Micropora  hippocrepis,  Nodelea  durobrwensis, 
Onyckocella  depressa,  Tirvia  subgracilis, 
Vincularia  sp. 
2.  Hard   band  of  iron-stained   chalk,  soft  in 

places 06 

I.  Firm,  white,  massive  chalk  with  layers  of 
nodular  and  tabular  flints  in  courses,  and 
small   scattered  carious    flints    between 

them 90 

Micraster  cor'anguinum,  Echinocorys  scU" 
tatus,  Cidaris  hirudo,  C.  sceptrifera,  Iso- 
crinus sp.,  Pycinaster  sp.,  Ostrea  vesicularis, 
Inoceramus,  Serpula  fluctuata,  Bairdia  sub- 
deUotdea,  Cytkerella  muensteri,  C.  ovat^, 
Geodia  (?)  wrighti,  Membranipora  sp., 
Stomatopora  gracilis,  S,  granulata^  Cristel' 
^      laria  rotulata. 


Zone  of 

Micraster 

cor-anguinum, 
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Hardwick  House.    (No.  9.) 

A  further  exposure  of  the  zone  of  Micraster  cor-anguinum 
is  to  be  seen  by  the  side  of  the  road  leading  off  from  the 
main  road  into  Bottom  Wood,  above  Hardwick  House,  i^ 
miles  east  of  Whitchurch.  It  extends  for  about  40  yards,  and 
shows  a  maximum  thickness  of  14  feet.  The  chalk  is  firm,  white 
and  blocky,  and  contains  many  lines  of  solid,  black,  nodular  flints, 
with  a  thin,  white  cortex,  occurring  at  regular  intervals.  Small 
scattered  cavernous  flints  occur  between  these  lines.  Fossils  are 
not  numerous,  but  two  fairly  large  examples  of  thfe  ovate  form  of 
Echinocorys  scutatus^  and  pieces  of  Micraster^  showing  the  labrum 
and  the  periplastronal  area,  were  found,  and  are  quite  sufficient 
to  determine  the  horizon.  Prof.  Barrois  mentions  this  section,*and 
correctly  refers  it  to  the  Micraster  cor-anguinum-zon^  though  he 
did  not  find  any  fossils.  The  following  are  the  fossils  collected 
here: 

Micraster  {M,  r.a.-zone  type)  Spondylus  latus 

Echinocorys  scutatus,  var.  ovatus  Serpula  ampulhxcea 
Cidaris  perornata  „      fluctuata 

„        sceptrifera  Spinopora  dixoni 

Pycinasier  sp.  Prohoscina  fasciculata 

Stauranderasier  sp.  Cristellaria  rotulata 

Pentagonaster  quinqueloha  Flabellina  cordata 

Ostrea  vesicularis  Webbina  sp. 

Mapledurham.    (No.  id.) 

In  the  woods  above  the  village  of  Mapledurham  there  is  a 
large  pit  in  the  zone  of  Micraster  cor-anguinum,  A  vertical  face 
of  about  45  feet  of  massive  white  blocky  chalk  is  exposed,  with 
courses  of  solid,  black,  nodular  flints  with  a  thin  white  cortex 
occurring  at  intervals  of  about  4  feet  Thin  tabular  bands  of 
flint  are  also  seen.  Some  of  the  large  scattered  flint  nodules  are 
carious  and  contain  flint-meal.  Large  pieces  of  Inoceramus  are 
extremely  common  at  the  base  of  the  section,  and  these  have  been 
noticed  by  Prof.  Barroisf,  and  in  the  Survey  MemoirsJ,  but  no 
other  fossils  have  been  recorded.  The  following  fossils  were 
obtained  from  the  base  of  the  pit,  the  upper  part  being 
inaccessible : 

Micraster  cor-anguinum  Cidaris  hirudo 

„  cor-testudinarium  Bourgueticrinus  sp. 

Echinocorys  scutatus  Pentagonaster  quinqueloba 

Cidaris  clavigera  Kingena  lima 

•  C.  Barrois,  op,  cU,,  p.  148. 
t  C.  Barrois,  op.  cU.,  p.  148. 

X  Mwi,  Gwl.  Surviy  (Ezpl.  Sheet  968),  Reading,  p»  za,  X903 ;  Cret.  Rocks,  voL  Ui, 
p.  ai7i  X904. 
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Inoceramus  cuvieri 

„  lamarcki 

Ostrea  curvirostris 

„       hippopodium 

„       vesicularis 

„       sp. 
Plicatula  sigiliina 

{^Dtmyodon  nilssoni) 


Serpula  ampuiiacea 

„        fluctuata 
Axogaster  cretacea 
Epiphaxutn  auloporoides 
Porosphara  ^lobularis 
Stomatopora  granulata 


Park  Farm,  East  of  Mapledurham.     (No.  ii.) 

Chalk  in  the  zone  of  Micrasier  cor-anj^uinum  is  exposed  in  a 
pit  in  the  middle  of  a  field  on  the  slope  above  Park  Farm,  east  of 
Mapledurham.  The  pit  is  about  22  ft.  deep,  the  lower  beds 
being  covered  by  talus  for  about  6  ft.  The  chalk  is  firm  and 
white,  and  contains  several  bands  of  solid,  black,  nodular  flints 
with  a  thin  white  cortex.  Scattered  flints  occur,  but  they  are 
not  numerous.  No  tabular  flint  lines  were  seen.  Three  feet 
from  the  top  of  the  pit  a  band  of  soft  mealy  chalk  is  seen, 
varying  from  2  to  4  in.  in  thickness.  A  similar  band  of  soft 
mealy  chalk  occurs  in  a  pit  in  the  same  zone  on  the  opposite  side 
of  the  river,  north  of  Sulham  (see  p.  408).  The  following  fossils 
were  collected  in  this  pit. 


Micraster  cor-anguinum 
Echinocorys  scutatus 
Cidaris  clavigera 

„      hirudo 

„      serrifera 
Helicodiadema  fragile 
Bourgueticrinus  sp. 
Isocrinus  sp. 
Metopaster  parkinsoni 

„  uncatus 

Rhynchonella  reedensis 
Inoceramus  (fragments) 
Ostrea  hippopodium 


Ostrea  vesicularis 
Plicatula  sigiliina 

(=  Dimyodon  nilssont) 
Spondylus  spinosus 

„         latus 
Serpula  ampuiiacea 

„       ilium 
Epiphaxum  auloporoides 
Porosphcera  globularis 
Stomatopora  granulata 
Reptomultisparsa  sp. 
Retecavea  cretacea 


Chazey  Farm.    (No.  12.) 

On  the  north  side  of  the  road  above  Chazey  Farm,  west  of 
Caversham,  there  is  a  large  quarry  in  the  zone  of  Aficraster  cor- 
anguinum.  The  chalk,  of  which  about  45  ft.  is  exposed,  is  soft 
and  white,  the  beds  being  more  massive  at  the  base  than  at  the 
top  of  the  quarry.  Fragments  of  Inoceramus  are  very  common, 
especially  at  the  bottom  of  the  section.  Many  layers  of  nodular 
flints  are  seen  from  2  to  3  ft.  apart,  some  of  which  are  solid, 
black  inside,  with  a  thin  white  cortex ;  others  are  cavernous  and 
contain  remains  of  Bryozoa.  Scattered  flints  occur  between  the 
layers,  and  a  few  tabular  bands  of  flint  were  seen.  The  quarry 
Proc.  Gkol.  Assoc,  Vol.  XX,  Part  5,  1908.]  28 
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has  been  described  by  Prof.  Barrois*,  and  in  the  Survey 
Memoirs,t  but  no  fossils  have  hitherto  been  recorded  from  it. 
Mention  has  also  been  made  of  it  by  Messrs.  Llewellyn 
Treacher  and  H.  J.  Osborne  White.J  The  following  fossils 
were  collected  from  this  pit : 

Microiier  cor-anguinum  Porosphara  globularis 

Echinocorys  scutaius  Spinopora  dixoni 

Cidaris  clavigera  Ventriculites  sp. 

„       hirudo  Doryderma  ramosum 

„       serrifera  Clinopora  iineata 

Bourgueticrinus  sp.  Crisina  unipara 

Nymphaster  oligoplax  Entalophora  echinata 
Kingena  lima  „  virgula 

Thecideum  wetherelli  „  virgula^  van 

Spondylus  spinosus  subgracilis 

Pecten  cretosus  Onychocella  depressa 

Plicatula  sigillina  Proboscina  radioUtorum 

{=Ditnyodon  nilssoni)  Siphoniotyphlus plumatus 

Inoceramus  (fragments)  Stotnatopora  spicea 

Ostrea  curvirostris  Tervia  sub^acilis 

„      vesicularis  Vincularia  sp. 
Serpula  plana 

Caversham.    (No.  13.) 

Near  St.  Peter's  Church,  Caversham,  there  is  a  large  quarry  in 
the  zone  of  Micr aster  cor-anguinum^  showing  about  70  ft.  of 
chalk.  Prof.  Barrois,  who  described  this  section  in  i876,§  referred 
it  to  his  zone  of  Marsupites^  but  he  did  not  find  any  remains  of 
the  name-fossil,  neither  did  he  find  any  fossil  at  all  characteristic 
of  that  zone.  This  section  has  also  been  described  by  the 
Geological  Survey||,  mentioned  by  Messrs.  White  and  Treacher,T 
and  has  recently  been  visited  by  the  Geologists'  Association.** 
The  chalk  is  soft,  white,  and  in  massive  beds,  but  at  the  top  of  the 
pit  it  seems  much  softer  and  purer.  Nodular  bands  of  flint,  with 
a  few  tabular  layers,  occur  at  intervals  of  from  2  to  6  ft,  with 
scattered  flints  between  the  layers.  These  flints  are  mostly  solid, 
black,  with  a  thin  white  cortex,  but  others,  especially  the  scattered 
ones,  are  cavernous  and  contain  flint-meal.  Fossils  are  fairly 
numerous,  the  most  noteworthy  being  Conulus  albogalerus^  of 
which  fossil  two  broken  examples  were  obtained  from  the  extreme 
top  of  the  quarry.     A  fine  example  of  Epiaster  gibbus  was  also 

*  C.  Barrois,  op,  ft/.,  p.  taB. 

t  Mtm.  Gtol,  Surv,  (Expi.  Sheet  268),  Reading,  p.  X2,  1903 ;  Cret  Rocks,  vol.  ill, 
p.  2x7. 1904. 

t  Proc.  GeoU  Assoc.^  vol.  xiz,  pt.  g,  p.  392,  X906. 

§  C.  Barrois,  0/.  «'/.,  pp.  148,  149. 

II  Mem,  GeoU  Surv.  (Expl.  Sheet  268),    .  X2,  X903 ;  Cret.  Rocks,  vol.  Ill,  p.  2x7,  228, 

1  Proc.  Geol.  Aisoc,^  vol.  xlx,  pt.  9,  p.  392,  1906. 
••  Proc,  Geol,  Assoc.  voU  xx,  pt.  3,  p.  206, 1907. 
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obtained.  The  following  is  a  list  of  the  fossils  collected  here, 
those  marked  with  an  asterisk  being  also  recorded  by  Prof. 
Barrois.  In  addition  to  those  in  our  list  he  records  Rhynchonella 
plicatilisy  Terebratulina  striata^  Lima  hoperi,  and  Serpula 
granuiata. 


*Micraster  cor-anguinum 
Epiaster  gibbus 
Conulus  albogalems 
Echinocorys  scutatus,  var. 
pyramidaius 

^Cidaris  davigera 

•      „       hirudo 
„      perornata 
„       sceptrifera 
Holaster  placenta 
Metopasier  parkinsoni 

* Bourgueticrinus  sp. 
Thecideum  weiherelli 
Terebratula  carnea 
Rhynchonella  reedensis 

*Spondylu5  spinosus 
Pecten  creiosus 

^Inoceramus  (fragments) 
Ostrea  vesicularis 


Plicatula  sigillina 

(=  Dimyodon  nilssom) 
Serpula  fluctuaia 
„      ilium 
„      plana 
^Porosphara  globularis 

„  patelliformis 

Berenicea  papulosa 
Entalophora  virgula 
Membranipora  elliptica 
Micropora  hippocrepis 
Onychocella  sp. 
Proboscina  fasdculata 
Stomatophora  granuiata 
Cristellaria  rotulata 
FlabelUna  cordata 
Haplophragmium  sp. 
Webbina  sp. 


Play  Hatch,  Sonning.    (No.  14.) 

In  a  field  above  thevillageof  Play  Hatch,  north-west  of  Sonning, 
a  pit  in  the  zone  of  Micraster  cor-anguinum  shows  about  30  ft.  of 
firm,  white  chalk.  The  beds  are  much  more  massive  at  the  base 
than  at  the  top  of  the  section.  Layers  of  nodular  flints  occur  at 
intervals  of  2  ft.  in  the  lower  half  of  the  section,  those  above 
being  much  more  numerous,  and  the  layers  closer  together. 
Many  of  the  flints  are  cavernous  and  contain  flint-meal.  The 
following  fossils  were  obtained  from  this  pit.  The  absence  of 
remains  of  Cidaris  is  noteworthy  : 


Micraster  cor-anguinum 
Echinocorys    saitatus^ 

ovatus 
Holaster  placenta 
Bourgueticrinus  sp. 
Pydnaster  angustatus 
Rhynchonella  reedensis 
Thecideum  wetherelli 
Inoceramus  (fragments) 
Ostrea  vesicularis 
Plicatula  sigillina 

{=  Dimyodon  m'lsonm) 


Serpula  fluctuata 
var.  „      plana 

Parasmilia  mantelli 
Forosphara  globularis 
„  pileolus 

Stomatopora  granuiata 

„  gradlis 

Membranipora  sp. 
Haplophragmium  sp. 
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Span  Hill,  Sonning.    (No.  15.) 

By  the  west  side  of  the  road  at  Span  Hill,  north-west  of 
Sonning  a  section  well  up  in  the  zone  of  Micraster  cor-anguinum  is, 
exposed.  This  is  still  being  worked,  and  a  considerable  portion 
of  the  floor  has  been  dug  out,  thus  forming  two  sections.  In  the 
lower  one,  below  some  lime-kilns,  a  band  of  iron-stained  chalk, 
hard  and  soft  mixed,  18  inches  in  thickness  is  seen.  Nodules  of 
iron  pyrites  were  found  in  this  band.  Near  the  south-west  end  of 
the  section  there  is  a  large  "pipe ''.of  red  and  brown  sandy  clay 
mixed  with  gravel.  Fossils  are  plentiful,  the  most  interesting 
occurrence  being  that  of  Conulus  albogalerus,  of  which  fossil  four 
examples  and  some  fragments  were  collected.  Immature  forms 
of  Salenia  granulosa  are  not  uncommon  in  the  flint-meal  obtained 
from  the  cavernous  flints  in  the  upper  part  of  this  pit,  but  no 
adults  have  been  found.  The  section  now  to  be  seen  is  as 
follows : 

ft.       to. 

.  Soft,  white,  homogeneous,  well-bedded  chalk, 
with  lines  of  massive  black  cavernous 
flints     at     intervals     of     about    2     ft. 

much  talus  22 
Micraster  cor-anguinum^  Echinocorys  scu- 
tatus^  var.  pyramidatus^  E,  scutatus,  var. 
ovaius,  Cidaris  clavigera,  C,  hirudo^  C 
perornatay  Conubts  albogaltrus^  Cyphosoma 
(radicles),  Helicodiadima  fr entity  HolasUr 
placenta^  Salenia  granuiosa^  BourgueticriHUSy 
Rhynchonella  reedensisy  Thecideum  wetherelliy 
InoceramuSy  Pecien  cretosuSy  Plicatuia  sigil- 
lina  (=  DimyotUm  nilssoMt)y  Spottdyhts  latuSy 
Serpula  ampullacea^  S.  gorcttaliSy  S,  planay 
Porosphcera  globulariSy  P,  pileolus^  Spino- 
pora  dixoniy  Clinopora  lineata^  Crisina  sp., 
Entalophora  echinaiay  E.  virgula,  HomceO" 
solen  sp.,  Meliceritites  lonsdaUiy  Memhram- 
pora  grandis^  Membranipora  sp.,  Micropora 
hippocrepiSy  Nodelea  duro6rivensiSy  Ony* 
chocella  depressa^  O.  lamarciiy  Pro&oscina 
anomalay  itphoniotyphhis  plumatus^  Sparsi- 
cavea  carantinay  Siomatopora  grantUata^ 
Tervia  sub  gracilis ^  Vincularia  sp. 

floor  of  upper  pit 
Firm,  white  chalk  with  nodular  flints  ..06 
Serpula  ampuUacea, 

Iron-stained  chalk  (hard  and  soft  mixed)     .         i       6 
Conulus    albogalerusy  Echinocorys    scutatus^ 
Cidaris    serrifera,    PorospAarra    globularis^ 
Cytherella  muensteri^  C,   ovata^  Cristellaria 
roiulata. 

Firm,  white  chalk  with  layers  of  nodular  flints        3      o> 
Conulus  albogaleruSy  Cidaris  sceptrifera. 

excavation  below  lime-kilns 

From  a  comparison  of  the  essential  features  of  the  tests  of 
the  Micrasters  obtained  from  this  section,  and  from  the  section  at 


Zone  of 

Micraster 

cor-anguinum. 
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Play  Hatch,  it  is  quite  obvious  that  the  former  pit  is  much 
higher  in  the  zone  than  the  latter.  This  is  further  verified  by 
the  fact  that  in  the  section  at  Span  Hill,  Conulus  albogalerus^ 
which  rarely  occurs  below  the  upper  beds  of  the  Micraster  cor- 
anguinum-zor\Q^  is  fairly  common  all  over  the  section,  while  in  the 
pit  at  Play  Hatch  this  fossil  seems  to  be  absent.  As  these  two 
sections  are  at  about  the  same  level,  it  may  be  inferred  that  a 
fault  exists  somewhere  between  them.  It  is  probably  the  con- 
tinuation of  the  fault  which  coincides  with  the  western  boundary 
of  the  Reading  Beds  outlier  of  Binfield  Heath,  a  little  to  the 
north. 

The  Span  Hill  section  is  higher  in  the  zone  than  that  at 
Caversham,  as  is  shown  by  a  comparison  of  the  respective 
faunas;  the  former  section  is  probably  about  60  ft.  below  the 
zone  of  Marsupites. 

III.—EXPOSURES  ON  SOUTH  SIDE  OF  VALLEY 
(BERKSHIRE). 

Pit  by  Wantage  Road,  North  of  Streatley.    (No.  16.) 

The  large  pit  by  the  side  of  the  Wantage  Road,  north  of 
Streatley,  is  one  of  those  mentioned  by  Professor  Barrois,*  who 
referred  the  chalk  exposed  in  it  to  the  zone  of  Terebratuiina^ 
although  no  specimen  of  the  name  fossil  was  found.  Professor 
Barrois  also  mentions  finding  fragments  of  Chalk  Rock  on  the 
talus,  but  he  did  not  see  it  in  situ.  Very  few  details  are  given, 
and  the  only  fossils  which  he  records  are  Ostrea  vesiculariSy 
Spondylus  spinosus,  and  Inoceramus  (near  to)  labiatus^  but  he 
does  not  say  from  what  part  of  the  pit  he  collected  them. 
Mention  is  also  made  of  this  section  in  Mem.  Geol.  Surv., 
Cret.  Rocks,  vol.  ii,  p.  458,  1903,  but  no  further  details  are 
given,  and  nothing  is  said  of  the  Chalk  Rock.  It  will  be  noticed 
that  by  Professor  Barrois,  and  in  the  Survey  Memoir,  the  thickness 
of  this  exposure  is  given  as  about  30  ft.  only.  This  section  is  a 
very  interesting  one,  as  it  shows  the  passage  beds  between  the 
zonQS  oi  ffoiaster  planus  2ind  Terebratulina^  the  succession  being 
typical  of  this  horizon  in  this  part  of  the  country.  The  greater 
portion  of  this  exposure,  as  will  he  seen  by  the  section  below, 
belongs  to  the  Tcrebratuiina-zone,  and,  excepting  the  small 
thickness  of  chalk  below  the  Chalk  Rock  at  Basildon,  this  is  the 
only  section  in  this  area  on  the  south  bank  of  the  Thames,  where 
this  zone  can  be  seen.  Unfortunately  the  upper  beds  of  the 
section,  which  include  the  Chalk  Rock,  are  very  difficult  of 
access,  and  much  grass  and  talus  has  to  be  removed  before  they 
can  be  seen ;  consequently  very  few  fossils  could  be  obtained 
from  them.  A  few  large  nodular  flints  were  noticed  in  the 
beds  below   the   lower   marl   band,  their   occurrence  is   rather 

•  C.  Barrois,  op,  cit.f  p.  147. 
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unusual  in  the  Terebratuiina-zonQ  in  this  area.     The  following  is 
the  section  seen,  with  the  fossils  obtained  from  the  various  beds  : 

ft.  in. 
7.  Firm,  white,  flaggy  chalk,  with  nodular  flints. 

No  fossils  seen I      o 

Zone  of  6.  Chalk  Rock— Hard  yellowish   chalk    with 

HoLASTER       I  green  grains  and  Ia3*ers  of  green-coated 

PLANUS.  nodules SO 

Echinocorys  scutatus^  var.  giSStis^  cf.  Packydts- 
cus  peramplusy  TerebrahUa  carnta^  T.  semi- 
globosOy  Serpula  ampullacea, 

/  5.  Greyish  nodular  chalk 60 

4.  Buff-coloured,  soft  marl  band       ...04 
3.  Soft  greyish  chalk,   becoming  harder  and 

whiter  below 10      o 

Terebratulina  graciiis^  var.   lata   (two   ex- 
amples), Ttrtbratula  semiglobosa. 
2.  Buff-coloured  soft  marl  band        ...04 
Zone  of  ^'  ^°^^  white,  massive,  irregular  blocky  chalk, 

Terebratulina.  T^^  ^^^^^^  ^^!"*    ^"*^  *  ^^"^  nodular 

flmts  ;  much  talus 25       o 

MicrasUr  coT'bovis^  Holaster  planus^  Asteroid 
ossicles,  Tertbratula  carmay  T.  semiglobosa^ 
Rkynchonella  sp.,  Spondylus  spinosMS^  Plica- 
tula  barroisif  P.  sigHlina  {^i=^ Ditnyodon 
nilisoni)^  Inoceramus  cuvieri^  Ostrea  vesicu- 
laris^  Batrdia  suSdeltoidea^  Cytherilla  ovata^ 
'        C,  muensterif  Cristellaria  rotulata, 

Basildon.    (No.  17.) 

Two  most  interesting  sections  are  seen  in  a  lane  near  milestone 
"  8  "  from  Reading,  by  the  north-west  end  of  Basildon  village  (see 
Fig.  29,  p.  391).  The  first  one  (A),  at  the  angle  of  the  roads,  is  the 
section  described  by  Prof.  Barrois,*  and  which  shows  the  junction 
of  the  zones  of  Holaster  planus  and  Terebratulina,  A  marl  band 
is  seen  near  the  base  of  the  section,  above  which  there  are  a  few  feet 
of  greyish  nodular  chalk,  succeeded  by  a  small  exposure  of  the  base 
of  the  Chalk  Rock.  In  the  greyish  nodular  chalk  Terebratulina 
gracilis^  var.  lata  is  very  common ;  but  in  the  Chalk  Rock,  owing 
to  the  smallness  of  the  exposure,  the  presence  of  the  root  of  a  large 
tree,  and  the  chalk  and  flint  rubble  which  has  been  shot  there, 
fossils  were  very  difficult  to  find.  It  was  only  after  several  visits 
that  we  found  Echinocorys  scutatus^  var.  gibbus  in  the  Chalk  Rock, 
and  so  proved  it  to  be  in  the  zone  of  Holaster  planus^  for  this 
fossil  has  never  yet  been  found  in  the  zone  of  Terebratulina,  On 
the  chalk  exposed  in  this  section  we  have  noticed  the  presence  of 
a  quantity  of  Sodium  Chloride,  which  appears  on  the  surface  of 
the  chalk  in  the  form  of  acicular  crjstals.  This  salt  **  sweats  " out 
from  the  fossils  obtained  from  these  beds,  just  as  it  does  from  the 
fossils  obtained  from  coast  sections. 

The  second  exposure  (B),  about  76  yards  farther  up  the  lane 

•  C.  Barrois,  op,  cit.^  p.  147. 
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shows  the  whole  thickness  of  the  Chalk  Rock,  with  four  feet  ot 
chalk  above  it.  Micrasters  are  common  in  the  higher  bed,  and 
the  Chalk  Rock  yielded  several  of  the  typical  fossils  of  the 
"  jReussianum-zonQ  *'  fauna  as  well  as  a  fine  example  of  Conulus 
alboga/erus,  which  is  a  rare  fossil  in  the  Chalk  Rock,  or,  indeed, 
in  any  part  of  the  Holaster  planuszont.  This  section  is  the  only 
good  accdlssible  exposure  of  the  Chalk  Rock  visible  on  the  south 
bank  of  the  Thames  between  Moulsford  and  Marlow.  A  close 
examination  of  Section  (B)  shows  an  abrupt  change  in  the  dip  of 
the  Chalk  Rock  from  2°  south  to  3^  north,  or  towards  the  Thames. 
This  explains  its  appearance  again  at  Section  (A),  at  a  lower  level, 
the  northerly  dip  being  about  equal  to  the  inclination  of  the  road. 
The  following  are  the  sections  seen,  with  the  fossils  obtained  from 
the  various  beds  : 

SECTION  B, 

''  4.  Lump}'  and  nodular  chalk,  glauconitic  at 
base,  and  there  containing  ragged  glaucon- 
itic flints 40 

MicrasUr   cor-tistudinarium^  M,   prcecursor^ 
Terebraiula  semig/obosa^  Lima  hoperi^  Plica- 
fulasigillina  (^=iDimyodon  Hilssont)^CrisieUaria 
Zonk  of  rotulata. 

HOLASTER      j  3.  Chalk  Rock.  Hard,  yellowish  rock  with  green 
PLANUS.  I  grains  and  layers  of  green-coated  nodules  .      5       o 

Micrasttr  Uskeiy  M.  prcecursor^  Echinocorys 
scuiaiusj  var.  gibhus^  Conulus  albogaltrus* 
Rkynchonella  reedensis^  R.  plicatilis^  Tere- 
braiula carnea^  T.sewiglobosa,  Pachydiscus  per- 
amplus^  Nautilus  sp.,  Heteroceras  reussianum^ 
Solariella  gemmata^  Dentalium  turimiense^ 
Spondylus  sptnosus^  Ventriculites^  Coscinopora, 

2.  Nodular  chalk,  just  visible. 

SECTION  A. 

3.  Chalk  Rock.  Hard,  yellowish,  rocky  chalk 
with  green  grains  and  green-coated  nodules 
and  borings  (capped  by  chalk  and  flint 
rubble) 20 

Echinocorys  scutatus^  var.  gibbuSy  Terebratulinn 
striata^  Terebraiula  semiglobosa^  Solariella 
gnnmata^  Ostrea  acuttrosrtris^  0.  semifilana^ 
InoceramuSy  Spondylus  spinosus,  Porosphmra 
globularis,  Cristellaria  rotulata^  Fish-scales. 

.  2.  Grey,  coarse,  rather  nodular  chalk  .30 

Terbratulina  gracilis^  var.  lata  (common), 
Conulus  subrotunduSy  Holaster^  Cidaris  serri- 
fera^  Spondylus  spinosus^  Plicatula  sipllma 
(=.Dimyodon  nilssoni)^  Ostrea  vesicularis^  Ino* 
ceramus. 
I.  Marl- band  (now  obscured  by  talus). 

*  Dr.  Rowe  saw  the  specimen  when  this  paper  was  read,  and  he  regarded  it  as  Conulw 
vuli^aris  (Lamarck).  In  his  paper  on  "  The  Zones  of  the  White  Chalk,"  Part  V  (Isle  of 
Wight),  ante  page  999,  he  records  two  examples,  l>oth  crushed,  of  [conului]  vulgaris 
from  the  HolasUr  pldnus-zone.  Mr.  H.  Woods  has  recorded  Echinoconus  [=  conulus] 
corncus  as  occurring  in  the  Chalk  Rock,  Quart.  Joum.  Geol.  Soc.,  vol,  liii  (1897),  p.  397- 
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Road  S.W.  of  Pangbourne  Church.     (No.  i8.) 

In  a  garden  at  the  side  of  some  cottages  by  the  road  running 
south-west  from  Pangbourne  Church  is  a  section  in  the  Micraster 
cor-anguinumzon^y  showing  a  maximum  thickness  of  about 
12  ft.  The  chalk  is  white,  soft  and  lumpy.  A  prominent  band 
of  nodular  flints  running  the  whole  length  of  the  section  can  be 
traced  near  the  base,  the  flints  being  black  and  solid,  with  a 
thin  white  cortex.  Other  flint  lines  occur,  and  scattered  flints, 
some  of  which  are  cavernous,  are  fairly  plentiful.  The  section 
was  not  in  a  very  good  condition,  and  fossils  were  not  numerous. 
The  following  were  collected  mainly  from  the  top  of  the  section  : 

Micraster  cor-anguinum  Flicatula  sigiilina 
Cidaris  clavigera  {=  Dimyodon  niissom) 

„      hirudo  Serpula  fluciuata 

„      serrifera  Bairdia  subddtoidea 

Holaster  placenta  Cytherella  ovata 

Metopaster  s^,  Berenicea  papulosa 

Rhynchonella  reedensis  Homoeosolen  ramulosus 

Inoceramus  sp.  I^odelea  durobrivensis 

Ostrea  sp.  liaplophragmium  sp. 

North  of  Sulham.    (No.  19.) 

On  the  edge  of  the  woods  about  half  a  mile  north  of  Sulham, 
near  Pangbourne,  another  exposure  in  the  zone  of  Micraster  cor- 
anguinum  is  seen.  The  pit  is  about  20  ft.  deep,  and  on  the  east 
side  is  talused  and  grass-grown.  A  band  of  soft,  mealy  chalk  3  in. 
to  5  in.  in  thickness  is  seen  about  halfway  up  the  pit,  the  weathering 
of  which  allows  the  overlying  chalk  to  fall  away,  so  that  the  more 
massive  chalk  below  stands  out  and  forms  a  conspicuous  ledge 
immediately  beneath  it.  Lines  of  nodular  flints  are  fairly 
numerous,  these  being  solid  and  black,  with  a  thin  white  cortex  \ 
a  thin  tabular  flint  line  occurs  near  the  base  of  the  section.  A 
few  small  scattered  flints  were  seen.  Fossils  are  here  rather  rare 
but  two  examples  of  Micraster  cor-anguinum  were  found.  The 
following  were  the  fossils  collected  : 

Micraster  cor-anguinum  Ostrea  hippopodium 
Echinocorys  scutatus  var.  „       vesicularis 

pyramidatus  Pecten  sp. 

Holaster  placenta  Flicatula  sigiilina 
Cidaris  sceptrifera  (==  Dimyodon  nilssoni) 

South  of  Sulham.     (No.  20.) 

A  small  pit  showing  about  20  ft.  of  chalk  belonging  to  the 
zone  of  Micraster  cor-anguinum  is  exposed  by  the  side  of  the 
road  running  south  of  Sulham  Church,  to  the  south  of  Pang- 
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bourne.  The  chalk  is  firm  and  white,  and  the  face  of  the  pit  is 
stained  by  surface-soil.  Bands  of  nodular  flints  occur  at  intervals 
of  from  2  ft.  to  3  ft.,  with  a  few  scattered  cavernous  flints  between 
them.  No  tabular  flint  lines  were  seen.  With  the  exception  of 
fragments  of  Inaceramus,  which  occur  commonly  at  the  base  of 
the  section,  fossils  are  not  very  numerous.  The  following  were 
collected : 


Micraster  cor-anguinum 
Echinocorys  scutaius 
Bolaster  placenta 
Asteroid  ossicles 
Kingena  lima 
Inoceramus  sp. 
Ostrea  vesicularis 


Plicaiula  sigilUna 

(=Difnyodon  ntissoni) 
Spondylus  latus 

„        sptnosus 
Parasmilia  sp. 
Forosphara  globularis 


WeSTWOOD   Row,   TiLEHURST.      (No.    21.) 

At  Westwood  Row,  Tilehurst,*  to  the  north-^ast  of  Theale, 
there  is  a  pit  showing  25  ft.  of  soft  white  chalk  of  the  zone  of 
Micraster  cor-anguinum.  Flints  are  plentiful,  and  occur  in 
layers  about  2  ft  apart,  with  scattered  flint  nodules  between  the 
layers.  Many  of  the  flints  are  solid  and  black,  with  a  thin 
white  cortex ;  others,  especially  the  scattered  ones,  are  cavernous, 
and  contain  flint-meal  with  numerous  Bryozoan  remains.  A 
small  pipe  of  crimson  clay  is  seen  on  the  west  side  of  the  pit 
Fossils,  especially  examples  of  Micraster  cor-anguinum^  are  here 
common,  and  the  following  is  a  list  of  those  collected  : 


Micraster  cor-anguinum 
Echinocorys  scutatus 
Cidaris  clavigera 

„      hirudo 

„      seep  tr if  era 
Bourgueticrinus  sp. 
Metopaster  uncatus 
Pentagonaster  quinqueloba 
Rhynchonella  reedensis 
Thecideum  wetherelli 
Inoceramus  (fragments) 
Ostrea  vesicularis 
Pecten  cretosus 


Pecten  sp. 
Plicatula  sigillina 

(=  Dimyodon  nilssoni) 
Spondylus  spinosus 
Serpula  plana 
Spinopora  dixoni 
Porosphcera  globularis 
Berenicea  papulosa 
Membranipora  sp. 
Proboscina  ramosa 
Stomatopora  granulata 
Webbina  sp. 


IV.— REVIEW    OF    THE    ZONES. 

Zone  of  Rhynchonella  cuvieri. 

The  only  exposure  of  this  zone  which  we  have  seen  in  the  Thames 
Valley  is  that  by  the  side  of  the  Thames,  adjoining  Clevemede, 
Goring.     Here  the  chalk  is  hard  and  white  at  the  top,  and  passes 

•  ProT^  Geot^  Assoc,  vcl.  xlx,  pt.  9,  p.  39a,  igod. 
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down  into  intensely  hard  nodular  chalk,  ringing  to  the  hammer, 
and  containing  fragments  of  fossils,  chiefly  Inoceramus,  This 
chalk  is  probably  not  far  above  the  Melbourn  Rock.  No  marl 
bands  occur,  and  flints  are  entirely  absent.  Probably  the  chalk 
seen  in  the  railway-cutting  north  of  Goring  Station  is  in  this  zone, 
but  we  were  unable  to  obtain  permission  to  examine  it.  Owing 
to  the  absence  of  exposures,  it  has  not  been  possible  to  define 
the  limits  of  this  zone. 


Zone  of  Terebratulina. 

Lithologically  the  chalk  of  this  zone  is  firm,  white,  massive 
and  flaggy,  and  is  softer  and  greyish  at  the  top:  Flints  are  usually 
rare,  but  some  of  a  subcylindrical  shape  are  occasionally  found, 
and  sometimes  a  few  nodular  examples.  Small  nodules  of  iron- 
pyrites  and  seams  of  marl  are  not  uncommon,  and  two  prominent 
bands  of  buff-coloured  shaly  marl  have  been  noticed  at  definite 
horizons  near  the  upper  limit  of  the  zone.  The  upper  one  is  seen 
about  3  ft.  below  the  Chalk  Rock  at  White  Hill,  Goring,  and  6  ft. 
below  that  bed  at  Hart's  Lock  Wood.  The  lower  one  is  seen  in 
the  section  above  Gatehampton  Farm,  and  at  Streatley  both  are 
seen,  the  upper  one  being  6  ft.  and  the  lower  one  16  ft.  below  the 
Chalk  Rock. 

At  the  commencement  of  our  work,  Mr.  H.  J.  Osborne  White 
told  us  that  he  thought  that  the  persistent  marl  band  which  occurs 
a  few  feet  below  the  Chalk  Rock  in  this  part  of  the  country 
marked  the  junction  of  the  zone  of  Terebratulina  with  that  of 
ffoiaster planus,  but  that  he  had  obtained  no  decisive  evidence 
on  this  point.  We  notice  that  he  has  taken  a  marl  band  as  the 
upper  limit  of  the  Terebratulinazone  in  his  description  of  a  section 
at  Shalbourne,  in  Wilts.*  So  far  as  the  Reading  district  is  con- 
cerned, however,  we  are  of  the  opinion  that  the  base  of  the  Chalk 
Rock  approximates  more  closely  to  the  junction  of  the  Terebratu- 
Una  and  Holaster  p/anus-zones  than  does  the  marly  layer  above 
mentioned.  At  White  Hill,  Goring,  we  obtained  three  examples 
of  Terebratulina  f^acilisy  van  lata,  between  the  marl  band  and  the 
Chalk  Rock,  and  at  Basildon,  on  the  opposite  side  of  the  river, 
this  fossil  occurs  quite  commonly  in  the  same  position,  in  associ- 
ation with  Conulus  subrotundus.  Further,  Echinocorys  scutatus, 
var.  gibbus,  though  fairly  common  even  at  the  base  of  the  Chalk 
Rock,  has  never  been  found  below  it  in  this  district.  Mr.  Osborne 
White  informs  us  that  he  has  lately  found  Micraster  cor-bovis  and 
Discoidea  dixoni  in  the  chalk  above  this  marl  band  near  Henley ; 
so  that  we  now  have  for  the  fauna  of  this  bed  Terebratulina 
gracilis,  var.  lata,  Conulus  subrotundus^  Micraster  cor-bovis, 
Discoidea  dixoni,  and  a  few  minor  fossils.    This  fauna  is  certainly 

*Mem.  Geol.  Surv,  (Expl.  Sheet  267)  Hungerford,  pp.  ao,  ai,  1907. 
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much  more  characteristic  of  the  zone  of  Terebratulina^  than  of 
the  zone  of  Holaster planus. 

In  our  experience  Terebratulina  gracilisy  var.  lata^  rarely 
occurs  in  any  frequency  in  its  own  zone  below  the  lower  marl 
band  in  this  district. 

We  have  had  no  opportunity  of  taking  the  measurements  of 
the  thickness  of  this  zone,  as  the  lower  hmit  is  not  seen  in  this 
area,  but  the  section  at  Streatley  shows  nearly  42  ft.  of  it. 


Zone  of  Holaster  planus. 

The  zone  of  Holaster  planus  is  represented  in  this  part  of 
the  country  by  about  6  ft.  of  Chalk  Rock  at  the  base,  succeeded 
by  a  variable  thickness  of  white  lumpy  and  nodular  chalk,  and  at 
the  top  a  bed  of  yellowish  clialk  varying  in  thickness  and  hard- 
ness. The  whole  of  this  zone  is  seen  at  Hart's  Lock  Wood,  and 
the  measurement  (or  it  there  is  24  ft.  In  some  parts  of  S.  Oxon 
and  S.  Bucks,  however,  it  is  thinner.  The  upper  limit  of  this 
zone  is  not  mfrequently  marked  by  a  thin,  hard,  compact, 
yellowish  rock,  termed  the  "top"  or  "upper  rock,"  and  it  seems 
that  where  this  is  developed  the  thickness  of  the  zone  is 
decreased.  It  may  therefore  be  surmised  that  the  presence  of 
the  "top-rock"  indicates  arrested  or  diminished  sedimentation. 
Nodular  flints  occur  just  above  the  Chalk  Rock,  and  are  usuaUy 
glauconitic  and  ragged. 

The  Chalk  Rock,  which  in  this  part  of  the  country  lies  wholly 
within  the  zone  of  Holaster  planus^  presents  one  of  the  most 
striking  of  the  lithological  features  of  the  chalk.  This  rock-bed 
at  White  Hill  is  very  massive  and  compact,  being  white  at  the 
top,  and  yellow  below,  the  upper  half  containing  one  band  of 
green-coated  nodules,  while  the  lower  half  contains  several.  At 
Basildon  it  is  similar,  although  less  compact  than  at  White  Hill, 
but  at  Hart's  Lock  Wood  it  is  represented  by  two  distinct  bands, 
separated  by  lumpy  white  chalk,  and  near  the  top  of  each  band 
there  are  layers  of  green-coated  nodules.  The  fossils  of  the 
Chalk  Rock  are  m^ch  more  common  near  the  top  of  that  bed 
than  in  any  other  part  of  it.  Holaster  planus  seems  to  be  more 
common  in  the  Terebratulina-zont  than  in  its  own  zone. 

The  only  good  exposures  of  the  Chalk  Rock  on  the  south 
bank  of  the  Thames,  between  Moulsford  and  Marlow,  are  seen  at 
Streatley  and  Basildon,  the  only  really  accessible  one  being  at 
the  latter  place.  Map  268  (Reading)  of  the  Geological  Survey 
shows  the  outcrop  of  the  Chalk  Rock,  and  on  the  south  bank  of 
the  Thames  this  is  indicated  as  running  roughly  parallel  to  the 
river,  and  more  than  once  turning  at  right  angles  to  this  course 
in  tongue-shaped  digressions  between  Streatley  and  Basildon, 
returning  to  a  more  regularly  parallel  course  between  Basildon 
and  Pangbourne. 
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On  the  Geological  Survey  Map  the  Chalk  Rock  outcrop  is 
not  marked  at  the  junction  of  the  roads  north-west  of  the  Inn  at 
Basildon  Village,  but  we  have  shown  (see  p.  391  and  Fig.  29) 
that  the  Chalk  Rock  is  to  be  seen  where  the  roads  actually  join, 
as  well  as  some  yards  south-east  of  the  corner,  as  the  map 
indicates. 

The  "  top-rock" — or  the  band  of  yellowish  lumpy  and  nodular 
chalk  which  is  seen  at  Hart's  Lock  Wood  and  which  may  be 
regarded  as  its  equivalent — has  been  definitely  determined  by 
zoological  evidence  to  mark  the  upper  limit  of  the  zone  of 
Holaster  planus. 

At  the  present  time  the  "  top- rock  "  is  not  exposed  in  any  of 
the  sections  in  this  area,  but  it  was  once  seen  at  White  Hill, 
Goring  (see  p.  393).  It  is,  however,  exposed  a  few  miles  farther 
north  in  a  section  on  the  escarpment  at  Aston  Hill,*  to  the 
north-east  of  Watlington,  and  here  we  have  obtained  ample 
evidence  to  prove  that  it  marks  the  upper  limit  of  the  zone 
of  Holaster  planus. 

The  lower  limit  of  the  zone  has  already  been  dealt  with  in 
connection  with  the  zone  of  Terebratulina ;  the  junction-beds 
between  the  zones  of  Holaster  planus  and  Terebratulina  can  be 
seen  at  White  Hill,  Streatley,  Basildon,  and  Hart's  Lock  Wood. 

Zone  of  Micraster  cor-testudinarium. 

With  the  exception  of  15  ft.  of  soft  white  chalk  above  the 
zone  of  Holaster  planus  at  Hart's  Lock  Wood,  we  have  seen  no 
exposure  of  the  zone  of  Micraster  cor-testudinarium  in  the  Valley 
of  the  Thames  above  Reading.  There  is,  howevtir,  a  considerable 
face  of  chalk  in  the  railway-cutting  west  of  Pangbourne  Station,  of 
which  a  section  is  given  in  the  Survey  Memoirs,t  and  the 
north-western  end  of  this,  judging  from  its  position,  cannot  be 
far  above  the  Chalk  Rock.  In  our  opinion  the  greater  portion 
of  the  cutting  near  the  railway  bridge,  a  mile  and  a  half  north- 
west of  the  Station,  belongs  to  the  zone  of  Holaster  planus^  with 
some  thickness  of  the  Micraster  cor-testudinarium  zone  above  it. 
This  view  has  been  strengthened  by  the  fact  that  some  years  ago 
Mr.  Llewellyn  Treacher  found  near  the  railway  bridge,  in  the 
nodular  chalk,  a  few  feet  above  the  base  of  the  cutting,  no  less 
than  twenty  examples  of  Echinocorys  scutatus,  var.  gibbus.  At 
Pangbourne  Station,  owing  to  the  dip  of  the  beds,  the  cutting  will 
probably  be  found  to  show  the  whole  thickness  of  the  zone  of 
Micraster  cor-testudinarium^  for  the  zone  ot  Micraster  cor- 
anguinum  is  exposed  about  half  a  mile  to  the  south-west  at  pit 
No.  18.     Unfortunately  we  have  been  unable  to   examine  this 

•  Mem,  Geol.  Survey,  Cret.  Rocks,  vol.  Hi,  p.  209,  1904. 

t  Mtm.  Geol.  Surv.  (Expl.  Sheet  268;,  Reading,  pp  xo,  ix,  1903,  Cret  Rocks,  vol.  lli, 
pp.  ai5,  214, 1904. 
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exposure,  owing  to  the  consideration  of  the  Directors  of  the  Great 
Western  Railway  for  our  personal  safety. 

The  junction  of  this  zone  with  that  of  Holaster  planus  can  be 
seen  at  Hart's  Lock  Wood,  as  already  mentioned,  but  in  the 
absence  of  exposures  in  this  area,  we  have  been  unable  to  define 
its  upper  limits.  Mr.  Jukes-Browne*  estimates  the  thickness  of 
this  zone  in  the  Thames  Valley  as  60  ft  but  in  our  opinion 
it  is  considerably  less. 


Zone  of  Micraster  cor-anguinum. 

The  chalk  of  this  zone  is  fairly  soft  and  white,  and  contains 
many  layers  of  nodular  flints  close  together;  also  bands  of 
tabular  flints,  which  sometimes  occur  along  the  bedding  planes, 
and  numerous  scattered  examples.  The  nodular  flints  are,  in  some 
cases,  solid,  black,  with  a  thin  white  cortex ;  others,  especially 
the  scattered  ones,  are  cavernous  and  contain  meal  rich  with 
remains  of  Bryozoa.  These  cavernous  flints  are  well  seen  in  the 
sections  at  Chazey  Farm,  Caversham,  and  Tilehurst. 

On  the  north  side  of  the  Thames  the  base  of  this  zone  is  first 
seen  at  Whitchurch,  and  proceeding  towards  Caversham,  owing  to 
the  south-easterly  dip  of  the  beds,  the  horizon  of  the  pits  is 
gradually  higher  in  the  zone,  although  their  level  is  about  the 
samef.  The  essential  features  of  the  tests  of  the  Micrasters  found 
in  the  first  two  pits,  viz.,  Whitchurch  and  Bozedown  Farm,  indi- 
cate the  extreme  base  of  the  zone,  while  at  Caversham,  Conulus 
albogakrtts  and  the  accompanying  Micrasters,  indicate  the  upper 
part  of  the  zone.  On  the  other  side  of  the  Thames,  beds  ver>' 
near  the  base  of  the  zone  are  seen  at  Pangbourne,  and  the  dip  of 
the  beds  brings  the  horizon  of  the  pits  at  Sulham  and  Tilehurst 
much  higher  in  the  zone.  Mr.  Osborne  Whitef  mentions  the 
occurrence  of  a  hard  band  of  yellowish  chalk  in  this  zone  in  the 
country  farther  west,  and  inclines  to  the  opinion  that  it  occurs  at 
a  definite  horizon,  60-70  ft.  below  the  upper  limit  of  the  zone. 
Near  the  base  of  the  section  at  Span  Hill  we  have  noticed  a  hard 
yellowish  band,  which  is  probably  at  about  the  same  horizon  as 
the  hard  yellowish  band  mentioned  by  Mr.  H.  J.  Osborne  White. 
Another  such  band  can  be  seen  in  the  pit  at  Path  Hill,  which  is 
at  a  considerably  lower  horizon. 

The  junction  between  the  zones  of  Micraster  cor-anguinum 
and  M,  cor-testudinarium  is  not  seen  in  any  of  the  sections. 

Judging  from  all  the  exposures  seen  on  the  north  bank  of  the 
Thames,  the  thickness  of  the  zone  of  Micraster  cor-anguinum^  so 
far  as  it  is  represented,  must  be  at  least  200  ft. 

•  Af  «m.  Geol,  Surv,  TExpl.  Sheet  a68),  Reading, p.  lo,  1903. 

i  Mem.  Geol   Sutv,  (Expl.  Sheet  267).  Hungenord,  p.,  22,  1907. 


THE  ZONES   OF  THE  CHALK   IN   THE  THAMES   VALLEY.     415 

v.— SUMMARY    AND    CONCLUSION. 

Although  we  have  been  able  to  collect  sufficient  evidence  to 
determine  the  zones  exposed  in  all  the  pits  in  this  area,  our  list  of 
fossils  is  not  large ;  for,  with  one  exception,  all  the  pits  are  now 
disused,  and  a  good  number  of  them  are  in  the  lower  part  of  the 
Micraster  cor-anguinum-zon^^  at  which  horizon  fossils  are  usually 
scarce. 

No  chalk  older  than  the  zone  of  Rhynchonella  cuvieri^  and 
none  newer  than  that  of  Micraster  cor-anguinum^  is  exposed  in 
this  area. 

We  have  definitely  determined  that  the  "top-rock" — or  the 
band  of  yellowish  lumpy  and  nodular  chalk  seen  at  Hart's  Lock 
Wood,  and  which  may  be  regarded  as  its  equivalent — marks 
the  junction  between  the  zones  of  Holaster  planus  and  Micraster 
cor-testudinarium. 

The  most  important  fact  ascertained  during  this  examination, 
is  that  the  base  of  Chalk  Rock  marks  the  junction  between  the 
zone  o{  Holaster  planus  and  that  of  Terebratulina  in  this  district. 

The  thickness  of  the  zone  of  Holaster  planus  in  this  district 
is  24  ft.,  this  measurement  being  taken  from  the  section  at 
Hart's  Lock  Wood. 

At  Hart's  Lock  Wood,  near  the  top  of  the  nodular  beds 
above  the  Chalk  Rock,  and  at  Basildon  just  below  that  bed 
(see  p.  406),  we  have  noticed  the  presence  of  Sodium  Chloride 
in  some  quantity.  It  appears  on  the  surface  of  the  chalk  in  the 
form  of  acicular  crystals,  which  have  a  strong  saline  taste.  We 
have  looked  for  an  explanation  of  its  occurrence  in  such  quantity 
in  an  inland  section  but  as  yet  are  quite  unable  to  account  for  it, 
except  on  the  supposition  that  it  is  a  relic  of  the  salt  of  the 
ocean  in  which  the  Chalk  was  deposited.  The  presence  of 
common  salt  in  considerable  quantity  in  chalk  of  the  Micraster 
cor-anguinum-zont  at  Woodford,  near  Salisbury,  has  been 
recorded  by  Mr.  W.  P.  D.  Stebbing  in  the  report  of  the  excursion 
of  Easter,  1903.  He  mentions  that  the  occurrence  was  regarded 
as  unique  in  the  district.*  The  subject  of  saline  waters  in 
the  Chalk  has  been  discussed  to  some  length  in  the  Survey 
Memoir  on  the  Cretaceous  Rocks,  vol.  iii,  p.  438  et  seq,y 
and  to  this  chapter  the  reader  should  refer.  Our  attention  has 
been  drawn  to  a  fluffy  efflorescence  on  chalk,  and  we  have 
'  ourselves  noticed  it  in  the  field,  but  this  has  no  saline  taste,  and 
differs  in  other  respects  from  salt  above  mentioned. 

In  conclusion  we  must  tender  our  best  thanks  to  Dr.  F.  A. 
Bather  and  Mr.  C.  Davies  Sherborn  for  kind  encouragement  and 
advice,  to  Dr.  G.  J.  Hinde  for  describing  the  sponge  in  the 
Appendix,  and  reiterate  our  acknowledgments  to  Mr.  H.  J. 
Osborne  White. 

*  Proc«  Gr^;.  i4ssoc.,  vol.  zvill  p  X47. 
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VI.— LIST  OF   FOSSILS. 

Only  the  megascopic  Foraminifera  have  been  included  in  the 
following  list.  The  Cyclostomatous  Bryozoa  have  been  kindly 
determined  by  Mr.  W.  D.  Lang,  and  for  lists  of  Bryozoa  from 
several  of  the  pits  we  are  indebted  to  Mr.  Llewellyn  Treacher. 
For  the  most  part  the  Asteroids  have  been  kindly  determined  by 
Mr.  W.  K.  Spencer,  mainly  from  isolated  marginal  ossicles.  It 
will  be  noticed  that  Vertebrate  remains  are  only  very  poorly 
represented. 


-{a 

Zone  of 
Holaster 
Planus. 

Zone  of 
rebratulina. 

lis 

si 

^ 

s 

Cristellaria  rotulata,  Lamarck     

X 
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X 

Flabcllina  cordate,  Reuss            
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Haplophragmiurn  sp 

X 
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X 

... 

Placopsilina  cenomana,  d^Orhigny 

... 
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X 

Wcbbina  sp.          '    ... 

X 

1 
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... 

Camerospongia  capitete,  T,  Smith 
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... 
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Geodia  (?)  wrighti,  Hindt 

X 
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Plocoscyphia  convolute,  T.  Smith 
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,. 

... 

Porospbsera  globularis,  FhilL     

X 

X 

,, 

... 

„           patelliformis,  Hinde 

X 

,, 
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„           pileolus,  Lamarck 

X 
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,, 

>•• 

Ventriculites  cribrosus,  PhiU,      

X 
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,, 

... 

t»           sp 
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X 

,, 
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Parasmilia  mantelli,  Edwards  and  Hahm 
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X 

X 

... 

... 

... 
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X 
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,, 
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„           virgula,  Hagenow 

X 
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., 
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„                „    var.  niripora,  Beissel 

X 
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„                „    var.subgracilis,«/'C?r^. 
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X 

... 
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sp 

X 

... 

.. 

... 

*  See  Appendix,  p.  430. 
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Meliceritites  lonsdalei,  Gregory 

Mcmbranipora  dentata,  d'OrUgny 

„               elliptica,  Reuss 
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Micropora  hippocrepis,  Goldfuss 

Nodelea  durobrivensis,  Gregory 
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Siphoniotyphlus  plumatus,  Lonsdale 
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Stomatopora  gracilis,  M,  Edwards 
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Tervia  subgracilis,  rf*(>&i7fy      
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„              obtusus,  Forbes     
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,}        sp.     ,  —,       

Stauranderaster  bulbiferus,  Forbes 
„                ocellatus,  Forbes 

Asteroid  ossicles 

Cardiastcr  pygmaeus,  Forbes       
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Conulus  albogalerus,  Leske         

,,        castineai  AL  Brongniart 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 

;;; 

X 
X 

X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 

X 

X 
X 

X 

Proc.  Geol.  Assoc,  Vol.  XX,  Part  5,  1908.] 


29 


4i8 


C.   p.   CHATWIN   AND  T.    H.   WITHERS   ON 


Conulus  subrotundus  Mantell    ... 

Cyphosoma  sp 

Discoidea  dizoni,  Forbes 

Echinocorys  scutatus,  LisJU 

»f  var.  gibbus 

,1  var.  ovatus 

„  var.  pyradmidatus  ... 

Epiaster  gibbus,  Lamarck 
cf.  Hagenowia  rostra ta,  Forbes    ... 
Helicodiadema  fragile,  Wiltshire 
Hemiaster  minimus,  Agassis 
Holaster  placenta,  Agassis 

„         planus,  Mantell, 

Micraster  cor-anguinum,  LesiU  ... 
„        cor-bovis,  forbes 
„        cor-testudinarium,  Goldfuss 
„        leskei,  DesmouHns 
„         praecursor,  Houm 
Salenia  granulosa,  Forbes 

Serpula  ampullacea,  Sowerby 
„       fluctuata,  Sowerby 
„      gordialis,  Schlotheim 

„      ilium,  Goldfuss     

„      plana,  5".  Woodward 
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„  limbata,  Schlotheim 
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„  reedensis,  Etheridge 

i>  sp 

Terebratula  carnea,  Sowerby 

„  semiglobosa,  Sowerby 

Terebratulina  gracilis,  var.  lata,  Etheridge 

„  striata,  Davidson  ... 

Thecideum  wetherelli,  Morris     ... 

Dentalium  turoniense.  Woods     ... 
Pleurotomaria  perspectiva,  Mantell 

Trochus  schltiteri,  Woods 

Solariella  gemmata,  Sowerby 

Lima  hoperi,  Mantell       

Inoceramus  cuvieri,  Sowerby 

„  labiutus,  .Sf^/(f7/i/tm... 

„  iamarcki.  Park 

If  sp 

„  (fragments) 

Ostrea  acutirostris,  Nilsson 
„  curvirostris,  Nilsson 
„      vesicularis,  Lamarck 
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Ostrea  semiplana,  Sowerby 

»      sp 

Pecten  crelosus,  Defranci 

»      sp 

Piicatula  barroisi,  Feron 

„         sigillina,  Woodward  (=Dimyo- 

don  nilssoniy  f^^^ 

Spondylus  latus,  Sowerby 
„  spinosus,  Sowerby 
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Heteroceras  reussianum,  d^Orbigny 
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Bairdia  subdeltoidea,  Mun^ter    ... 
Cytherella  muensteri,  R6mer 

„        ovata,  Rdmer 
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APPENDIX. 

ON  A  NEW  SPONGE  FROM  THE   CHALK   AT 
GORING-ON-THAMES. 

By  GEORGE  J.  HINDE,  Ph.D.,  F.R.S. 

The  fossil  sponge  submitted  to  me  by  Messrs.  C.  P.  Chatwin  and 
T.  H.  Withers  appears  to  be  a  dictyonine-hexactinellid  belonging 
to  the  genus  Verrucoccsiia,  Etallon.  The  outer  form  of  the 
specimen  is  fairly  well  shown,  but  the  original  siliceous  skeleton 
has  disappeared  in  the  fossilization,  and  only  here  and  there  are 
faint  casts  of  the  spicular  wall  recognisable  ;  sufficient,  however, 
to  indicate  the  group  to  which  it  belongs,  and  judging  from  its 
other  features  it  may,  in  my  opinion,  be  regarded  as  a  new 
species  with  the  characters  described  below. 

Verrucocoelia  tuberosa,  sp.  nov. 


Fig.  31, —  Verrucocoeha  tuberosa,  sp.  nov.  Side  view  showin? 
the  lateral  tubes  and  the  truncate  summit  osculum.  Natural 
size.     Chalk  zone  of  Tenbratulina.    White  Hill,  Goring. 

In  outline,  the  sponge  is  ovate  or  barrel-shaped,  with  a 
truncated  summit  and  rounded  base.  No  stem  is  present,  only 
a  small  projection  in  the  centre  of  the  base,  and  the  sponge  may 
have  been  sessile.  Near  the  base  the  sponge-wall  is  folded  to 
form  rounded  vertical  ridges  with  deep  intervening  depressions, 
these  folds  pass  upwards  into  cylindrical  or  compressed,  nearly 
vertical,  tubes,  with  rounded  or  truncate  summits  and  circular  or 
oval  apertures,  which  communicate  with  the  axial  cavity  of  the 
sponge.  Near  the  top  of  the  sponge  there  is  another  series  of 
much  shorter  tubes,  which  are  irregularly  disposed,  and  project 
directly  outwards.     The  summit  of  the  sponge  consists  of  a  large 

(Concluded  on  p.  Hi  of  wrapptr,) 
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circular  oscular  aperture,  about  double  the  breadth  of  the  lateral 
tubes,  which  is  the  outlet  of  the  central  cavity. 

Casts  of  a  distinct  reticulate  dermal  layer  bounding  small 
circular  ostia  are  shown  on  some  parts  of  the  outer  wall  of  the 
sponge,  and  more  rarely  some  minute  points  indicate  the 
quadrate  mesh  of  the  inner  part  of  the  wall ;  these  are  the  only 
traces  of  the  original  skeleton  now  remaining. 

The  specimen  is  46  mm.  in  height  and  34  mm.  in  breadth. 
There  are  about  eight  of  the  lower  series  of  longer  upright  tubes ; 
these  are  15  mm.  on  an  average  in  length,  and  7  to  9.5  mm.  in 
breadth.  Of  the  shorter  tubes  in  the  upper  part  of  the  sponge  six 
are  present ;  they  are  about  4  mm.  in  length  by  7  mm.  in  breadth. 
The  summit  osculum  is  15  mm.  in  breadth.  The  spicular  wall  is 
I  mm.  in  thickness. 

From  Verrucocalia  {Brachiolites)  iubuiata,  Toulmin  Smith 
{Ann.  and  Mag.  Nat  Hist.,  vol.  i,  2  Ser.,  1848,  p.  366,  pi.  XV, 
fig.  7),  the  present  form  is  distinguished  by  the  lesser  number  and 
different  form  and  arrangement  of  the  lateral  tubes  and  the  well- 
defined  oscular  aperture.  It  should  be  noted,  however,  that  the 
upper  part  of  Toulmin  Smith's  tj^e  (now  in  the  British  Museum, 
Natural  History)  is  defective,  and  it  may  have  possessed 
originally  an  osculum,  though  that  author  states  that  there  is 
generally  no  marked  distinct  opening  to  the  central  cavity,  but 
that  it  is  surrounded  on  all  sides  by  the  tubes.  But  even  if 
V,  tubulaia  possessed  a  distinct  osculum,  its  other  characters 
would  sufficiently  differentiate  it  from  V.  iuberosa. 

At  first  sight  the  present  species  bears  a  nearer  resemblance, 
to  Verrucocaiia  uvctformis^  PoXta  (Sitzungsber.  d.  konigl.  bohm. 
Gesellsch.  d.  Wissensch.,  1885  (Prag.),  p.  5,  pi.,  figs.  5,  6),  from 
the  Bohemian  Cretaceous,  but  here  again  the  form,  disposition 
and  apertures  of  the  lateral  tubes  markedly  differ  in  the  two 
species,  and  moreover  in  the  Bohemian  sponge  there  is  no 
•distinct  osculum,  only  a  small  tube  at  the  summit. 

The  only  example  yet  known  of  this  species  was  obtained  by 
Messrs.  Chatwin  and  Withers  from  the  zone  of  Terebratulina 
in  the  lower  section  (A)  on  White  Hill,  E.N.E.  of  Goring-Station. 
{Seepage  394,  and  Fig.  28,  p.  391). 
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THE  CHALK  AREA  OP  WESTERN   SURREY. 

By  GEORGE    WILLIAM    YOUNG,    F.G.S. 
{Jtead  June  jth^  1907.) 

THIS  paper  is  in  continuation  of  one  read  before  the  Asso- 
ciation two  years  ago,  when  the  Chalk  area  of  the  north- 
eastern part  of  the  county  was  dealt  with.* 

The  district  under  consideration  extends  from  the  River  Mole 
on  the  east  to  the  county  boundary  at  Famham  on  the  west 
The  width  at  the  eastern  end  of  the  area  is  about  four  miles,  its 
northern  and  southern  limits  being  marked  by  the  towns  of 
Leatherhead  and  Dorking  respectively.  Westwards  the  outcrop 
narrows  until  at  Guildford,  where  it  is  cut  through  by  the  goige 
of  the  Wey,  it  is  but  a  mile  wide.  From  Guildford  to  Famham 
the  Chalk  is  confined  to  the  bold,  narrow,  long,  and  straight  ridge 
known  as  the  Hog's  Back,  and  here  the  outcrop  is  only  from  half 
to  a  quarter  of  a  mile  in  width.  The  district  is  bounded  on  the 
north  by  the  Tertiary  beds  of  the  London  Basin,  and  on  the 
south  by  the  Selbornian  and  Lower  Cretaceous  beds  of  the 
Weald. 

In  my  previous  paper  I  remarked  upon  the  slight  amount  of 
detailed  work  that  had  been  done  upon  the  Chalk  in  Surrey^ 
especially  in  regard  to  the  higher  zones.  Those  remarks  apply 
with  especial  force  to  the  western  area.  The  Tertiaries  above 
and  the  Greensands  below  have  had  their  admirers  and  devotees, 
but  the  Chalk  seems  to  have  been  left  severely  alone.  The  fullest 
account  is  that  of  Mr.  Jukes-Browne  in  the  Survey  Memoir.f 
but  the  pits  described  therein  are,  without  exception,  confined  to 
the  face  of  the  escarpment.  The  only  description  I  have  been 
able  to  find  of  a  section  in  any  other  position  is  that  of  Hawkshill 
pit,  near  Leatherhead,  to  which  Professor  Seeley  used  to  take  his 
field-class.  J 

Dr.  Barrois  gave  a  short  account  of  the  traverse  at  Guildford 
in  his  **  Recherches,"§  and  the  Geologists'  Association  has  also 
visited  Guildford  on  several  occasions,  but  the  Chalk  has 
usually  been  a  minor  feature  of  the  excursion. 

This  neglect  of  the  Chalk  of  Surrey  seems  strange  when  one 
considers  the  interest  of  its  stratigraphy,  and  the  varied  physical 
beauties  of  the  landscape  which  reward  the  observer  at  every 
step,  and  the  problems  concerning  denudation  which  are  con- 
tinually being  presented  to  him  for  elucidation. 

I  have  followed  the  plan  adopted  in  my  previous  paper  of 

•  Proe,  GeoL  Assoc,  vol  xlx  (1905X  p.  188. 

I  A.  J.  Jukes-Browne,  "  The  Cretaceous  Rocks  of  Britain,"  Mem,  Gtol.  Sttrv.,  vols.  It 
and  Hi. 

1  Handbook  of  the  London  Geological  Field  Class,  1893,  p.  zxa 

9  "  Recherches  sur  le  Terrain  Cr^tac^  Sup^rieur  da  TAngl^terre  et  d'Irlande,** 
X876,  p.  140. 
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numbering  every  pit  marked  on  the  6-in,  Map,  and  a  complete 
list  will  be  found  on  pp.  441-450. 

The  total  number  of  sections  in  the  area  is  128,  of  which 
I  have  visited  all  but  five.  Owing  to  the  narrowness  of  the  out- 
crop the  pits  are,  for  the  most  part,  arranged  in  two  linear  series, 
the  one  bordering  the  Tertiary  and  the  other  the  Selbornian 
margin.  In  thirty-nine  instances  there  is  no  exposure,  the 
Chalk  being  entirely  obscured  by  vegetation  or  soil-covered  talus. 
I  was  much  impressed  with  the  great  size  of  many  of  the 
abandoned  pits,  a  large  proportion  of  which  are  near  the 
Tertiary  border.  They  apparently  date  back  to  a  time  when 
"marling  with  chalk"  was  an  agricultural  operation  far  more 
widely  practised  than  at  present.  Many  of  the  very  large  ones 
are  quite  remote  from  towns,  so  it  is  unlikely  that  the  chalk  was 
got  for  building  purposes.* 

Owing  to  the  rather  complicated  nature  of  the  stratigraphy  it 
will  be  giore  convenient  to  defer  the  detailed  description  of  the 
physical  features,  and  to  deal  first  with  the  zonal  succession. 


THE   ZONAL  SUCCESSION. 

Upper  Chalk  =  Sinonian, 

Zone  of  Marsupites  testudinarius. 

A  careful  examination  of  the  Chalk  ajong  the  Tertiary  border 
east  of  the  River  Mole  having  resulted  in  the  finding  of  a 
continuous  band  of  the  Marsupites-zon^^^  it  was  only  reasonable 
to  suppose  that  the  zone  would  continue  west  of  that  river  until 
it  joined  with  its  proved  occurrence  in  North  Hampshire.  In 
that  county  it  has  been  found  in  many  places,  the  most  easterly 
being  at  Crondall,  near  Famham,  where  its  presence  is  recorded 
by  Messrs.  Treacher  and  White,J  an  observation  I  am  personally 
able  to  confirm. 

Dr.  Barrois,  whose  work  in  Surrey  was  done  at  great  speed, 
placed  all  the  Chalk  of  that  county  which  was  in  contact  with  the 
Tertiaries  in  the  Marsupites-zon^^^  but  as  this  has  not  been 
accepted  by  English  writers,  a  short  explanation  of  the  position 
may  not  be  out  of  place. 

In  this  connection  it  must  be  remembered  that  Dr.  Barrois' 
zone  of  Marsupites  in  Surrey  13  more  comprehensive  than  the 
limits  he  assigns  to  it  elsewhere. 

In  correlating  the  Surrey  Chalk  with  that  of  other  localities  he 

*  On  this  point  see  Dr.  Rowe's  remarks,  ante,  p.  249 ;  Cnt,  Surv.  Mem,^  vol.  ill,  p.  391 ; 
and  Board  of  Agricuhtire  Leaflet,  No.  170.  The  latter  can  be  obtained  gratis  and  post 
free  from  4,  Whitehall  Place,  S.W. 

iPtoc,  Geol.  Assoc,  vol.  xlx,  p.  196. 

i  Froc,  Geol.  Assoc,  vol.  xix,  p.  380. 

S  op,  cU,,  p.  X39. 
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largely  relied  upon  Mr.  Caleb  Evans's  description  of  the  Croydon- 
Oxtead  section.*  Mistaking  the  yellow  band  at  the  base  of 
Evans's  Purley  beds  to  be  the  yellow  sponge  band  found  at  the 
base  of  the  Marsupites-rxm^  in  Thanet,  Dr.  Barrois  was  led  to 
place  the  base  of  this  zone  in  Surrey  at  too  low  a  level,  and  so 
include  a  considerable  thickness  of  Chalk  in  which  Marsupites 
had  never  been  found.  Evans,  in  a  subsequent  paper,t  admits 
having  misled  Dr.  Barrois  on  this  point 

I  have  endeavoured  to  represent  the  different  views  in  a 
tabular  form,  as  below : 

ZONAL  CLASSIFICATION  OF  THE  UPPER  CHALK 
IN  SURREY. 


C.  Evans,  1870. 


Dr.  Barrois,  1876.J 


Survey  Memoir, 
1904. 


The  Writer  of 
this  Paper, 
1905-1907. 


Tertiary 


Strata. 


^F^^^^^^^^^^*^*^^ 


^^^^^^%^k^^^^^Krf^^ 


^^^^^^^^W^^^N^N/V 


Outcrop  I  mile 

wide, 

undescribed 

(100  feet  in 

thickness). 


Marsupites, 


Purley  beds. 


Upper  Kenley 
beds. 


Micrasier 
cor-angutnum. 


Micraster  car- 
testudinarium. 


Lower  Kenley 
beds. 


Holaster 
planus. 


Marsupites 
testudinarius. 


Micraster 
cor-anguinum. 


Micraster 
cor-anguinum. 


Micraster  cor- 
testudinarium. 


Micraster  cor- 
testudinarium. 


Holaster 
planus. 


Holaster 
planus. 


(The  spaces  in  no  way  represent  the  relative  thickness  of  the  zones.) 

•  *'  On  Some  Sections  of  Chalk  between  Croydon  and  Oztead,'*  G961,  Assoe.^  xB;o. 
f  Proc,  Gtol.  Assoc.^  vol.  v,  p.  154. 

X  Op,  cit.,  p.  139,  but  in  another  table,  on  p.  333,  the  Lower  Kenley  beds  are  shown 
as  comprising  the  whole  of  the  zones  oi  M.  cor-ttstudinarium  and  H,  planus. 
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The  result  of  this  error  in  regard  to  the  base  of  the  zone, 
coupled  with  the  absence  of  any  record  of  Marsupites  itself,  was 
to  cause  later  writers  to  consider  the  highest  beds  of  chalk  in 
Surrey  as  being  of  the  zone  of  Micraster  cor-anguinum,  with  a 
suspicion  that  the  Marsupites-'iox\^  might  possibly  come  in  at  the 
western  end  of  the  county.*  This  being  so,  it  is  necessary  to 
examine  in  detail  the  evidence  which  led  Dr.  Barrois  to  assign 
the  uppermost  chalk  in  Surrey  to  the  Marsupites-zouQ.  In  this 
instance  he  relied  chiefly  upon  the  lithological  characters  of  the 
beds,  for  the  only  fossils  he  records  are  Offasttr  corculuvty 
Micraster  cor-anguinujn^  and  Echinoconus  amicus,  a  combination 
of  doubtful  zonal  value.  Mr.  Jukes-Browne  quotes  him  as 
having  found  these  "near  Guildford,"  but  J)r.  Barrois  himself 
does  not  definitely  say  where  he  obtained  them.  His  words  are, 
"  Le  Nord  du  Hog*s  Back,  et  de  toute  la  chalne  cr^tac^e  du 
Surrey  au  contact  du  tertiaire,  est  form^  par  une  craie  tendre 
avec  peu  de  silex,  et  avec  silex  tabulaires;  dest  le  caractfere 
mineralogique  de  la  zone  k  Marsupites,  elle  contient  de  plus: 
Micraster  cor-anguinum  (Forbes),  Echinoconus  conicus  (Breyn), 
Offaster  corculum  (Gold.)."t 

Offaster  corculum  (Goldfuss)  is  recorded  by  Dr.  Barrois  as 
common  in  several  English  localities.  The  name  has  not  been 
adopted  by  English  writers,  who  have  usually  regarded  it  as  a 
synonym  of  Cardiaster  pillula,%  apparently  because  Dr.  Barrois' 
records  are  nearly  all  from  places  in  which  C,  pillula  is  known  to 
occur,  and  because  he  does  not  mention  C,  pillula  in  any  part 
of  the  "  Recherches."  Failing  to  obtain  definite  information 
about  this  form  I  became  desirous  of  seeing  Goldfuss's  original 
figure  and  description.  After  some  little  difficulty,  owing  to  the 
confused  state  of  the  nomenclature,  I  found  that  Goldfuss  had 
described  it  under  the  name  of  Ananchytes  corculum,% 

The  genus  Offaster  was  first  separated  by  Desor,  in  1858,1!  in 
which  he  placed  various  species  referred  by  previous  writers  to 
the  genera  Holaster,  Ananchytes  {^^Echinocorys),  Cardiaster  and 
Toxaster,  but  he  carefully  excluded  "  corculum  *'  from  among  the 
species  of  his  new  genus.  Schluterll  subsequently  removed 
"corculum^*  from  Ananchytes  to  the  genus  Offaster,  but  the 
reasons  for  his  doing  so  are  not  very  obvious. 

In  Ecbinocorys  (=  Ananchytes)  the  anus  (periproct)  is  either 
on  the  base  or  at  the  margin,  while  in  Holaster,  Offaster,  and 
Cardiaster  it  is  placed  well  above  the  margin,  on  the  posterior 
portion  of  the  test.     The  position  of  the  anus  in  Goldfuss'  figure 

*  A.  J.  Jakes-Browne,  op.  cit.^  voL  ill,  p.  180. 
t  '•  Recherches,**  p.  139. 

X  Whether  the  species  pillula.  Lam.,  should  be  assigned  to  CardiaiUr  or  to  Offaster  I 
must  leave  the  experts  to  settle,  I  merely  adopt  Dr.  Rowe's  term. 
§  "  Petri£scta  Germanise,  2839,"  p.  147,  Plate  xlv,  fig.  2. 
II  "  Synopsis  des  Echinides  fosslles,"  p.  333. 
IT  "Fofisile  Ecbinodermen,"  etc.,  1869,  p.  233. 
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agrees  more  with  Echitwcorys^  than  with  Offasier^  and  it  seems  to 
me  unfortunate  that  Schliiter  should  have  removed  it  from  the 
genus  in  which  Goldfuss  originally  placed  it,  and  in  which  Desor 
was  content  to  leave  it.  So  far  as  I  have  been  able  to  ascertain, 
Schluter  is  the  only  author  who  has  removed  corculum  from  its 
original  genus,  and  he  is  wrong  in  quoting  Desor  (among  the 
synonyms)  as  having  called  it  "  Holaster  "  corcuium.  The  principal 
point  on  which  Goldfuss  relied  for  separating  corculum  from  the 
commoner  species  (Echinocorys  vulgaris^  Breyn.  =  E.  scutatus^ 
Leske)  is  the  position  of  the  pores  in  the  ambulacral  plates.  In 
the  latter  case  they  occur  nearly  in  the  centre  of  the  plate,  but  in 
corculum  they  are  closer  to  the  lower  edge. 

The  finding  of  O,  corculum  to  be  an  Echinocorys  naturally 
raised  doubts  as  to  whether  Dr.  Barrois' fossil  was  really  C,  pillula 
or  the  small  gibbous  form  of  Echitwcorys  characteristic  of  the 
Act,  quadratus'7xm^,  Goldfuss's  figure  is  much  larger  than  a 
normal  C  pillula^  and  Desor  also  says  that  pillula  is  the  size  of  a 
hazel  nut  (noisette)^  whilst  corculum  is  that  of  a  walnut  {nGix),\ 

Subsequently  to  the  reading  of  the  paper  I  took  advantage  of 
the  presence  of  Dr.  Barrois  at  the  Centenary  Celebration  of  the 
Geological  Society  of  London  to  show  him  specimens  of  both 
species,  when  he  unhesitatingly  selected  the  C,  pillula  as  being 
the  form  he  always  referred  to  when  using  the  term  Offasier 
corculum, 

C,  pillula  is  a  very  characteristic  fossil  of  the  Act  quadrattis- 
zone,  but  the  other  two  fossils  mentioned  as  occurring  vrith  it, 
M,  cor-anguinum  and  E,  conicus^  are  exceedingly  rare  in  that 
zone,  although  common  in  the  Marsupites-zont,  Having  myself 
found  no  evidence  of  the  higher  zone  in  Surrey,  I  am  inclined 
to  think  that  this  record  of  O,  coratlum^  if  it  be  not  a  mistake,  is 
one  of  those  exceedingly  rare  cases  in  which  C  pillula  occurs  in 
the  MarsupiteS'Zont^X 

The  completion  of  my  systematic  examination  of  the  pits 
near  the  Tertiary  border  has  proved  conclusively  that  the 
MarsupiieS'Zont,  in  its  strictest  sense,  does  extend  throughout  the 
whole  length  of  Surrey,  a  distance  of  some  thirty-eight  miles. 
Dr.  Barrois,  therefore,  although  he  did  not  find  a  single 
Marsupites  plate,  nor  any  other  zonal  fossil,  was  right  in  assign- 
ing the  uppermost  beds  to  this  zone.  This  is  the  more  remark- 
able as  he  relied  chiefly  on  the  "  peu  de  silex  "  for  his  diagnosis, 
whereas  in  my  experience  this  zone  in  Surrey,  and  especially 
in  the  western  portion,  contains  abundant  flint,  very  much 
more  than  it  does  in  Thanet.  Dr.  Rowe,  however,  has  pointed 
out  that  this  is  more  frequently  the   case  than   is  generally 

*  D'Orbtgny  calls  it  Echinocorys  papiUosuSt  and  slves  Ananchytes  corculum  as  a 


synonym.    "  PaL  Fran^aiae/*  1853,  vol.  vi,  p.  69  and  plate  808. 
+  "  Synoptia  des  Echinides  foasiles,"  pp,  332  and  333. 
X  See  Rowe,  Proc.  GeoL  A  hoc,,  vol.  xvi,  p.  343,  and  vol.  xvil 
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supposed.*  It  occurs  mostly  in  scattered  nodules,  not  often  in 
definite  bands,  but  with  an  occasional  thin  tabular  layer.  The 
nodules  are  generally  solid  and  tough,  and  very  black  inside, 
with  a  varying  thickness  of  smooth  white  cortex.  The  chalk 
itself  is  very  white  and  soft. 

All  the  villages  between  Leatherhead  and  Guildford  are  built 
on  the  junction  of  the  Tertiaries  with  the  Marsupites  Chalk,  and 
the  southern  margin  of  the  zone  is  roughly  indicated  by  the 
main  road  connecting  those  two  towns.  All  the  pits  on  the 
north  of  that  road,  with  two  exceptions,  are  cut  in  this  zone. 
One  of  these  exceptions.  No.  246,  lies  at  the  bottom  of  a 
small  combe,  which  has  cut  down  to  the  underlying  M.  cor- 
anguinum-zone^  while  close  by,  No.  245,  about  30  ft.  higher, 
yields  Uintacrinus.  In  this  neighbourhood  one  may  go  into  pit 
after  pit  and  find  plates  of  Marsupites  with  almost  monotonous 
regularity,  and  it  is  astonishing  that  they  have  remained  so  long 
unrecorded. 

West  of  Guildford. the  zone  is  continued  all  along  the  north 
side  of  the  Hog's  Back,  but  is  confined  to  the  gently  sloping 
ground  at  the  foot  of  the  ridge. 

In  every  pit  which  I  have  assigned  to  this  zone  either 
Marsupites  or  Uintacrinus  has  been  found.  The  number  of 
sections  in  the  zone  is  eighteen,  which  with  the  twenty-two 
sections  found  east  of  the  River  Mole  makes  forty  for  the  whole 
county. 

Zone  of  Micraster  cor-anguinum. 

This  zone  covers  most  of  the  wider  part  of  the  area  east  of 
Guildford,  and  forms  the  northern  flank  of  the  Hog's  Back. 
Some  of  the  pits  are  of  considerable  size,  and  the  characteristic 
regular  lines  of  nodubr  flints  at  frequent  intervals  are  often  well 
displayed.  In  the  higher  part  of  the  zone  Conulus  albo-galerus 
{-siEchinoconus  conicus=iGakrites  albo-galerus)  is  abundant,  and 
a  large  proportion  are  of  the  small  tumid  variety. 

Zone  of  Micraster  cor-testudinarium. 

This  zone  is  not  well  displayed  in  this  district.  I  have  only 
found  a  few  sections,  and  apparently  it  is  thinner  here  than  in  east 
Surrey.  Chimney  pit  (No.  291)  is  the  best  exposure,  and  affords 
a  fair  list  of  fossils.  It  contains  fewer  flints  than  either  the  zone 
above  or  below,  and  several  yellow  bands  of  hard  nodular  chalk, 
one  of  which  would  appear  to  be  at  or  near  the  base  of  the  zone. 
This  can  be  well  seen  at  Artington  pit  (No.  299)  and  Mrs. 
Sturgess's  pit  (No.  3i2A).t 

•  Pfoc  GwA,  As$0c^  vol,  xvIU,  p.  ajo, 

t  Since  the  above  was  written  Messrs.  Chatwin  and  Withers  have  described  a  ^mllac 
bed  at  the  base  of  the  sone  in  Oxfordshire.    See  ante^  p.  4x3. 
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Zone  of  Holaster  planus. 

This  zone,  on  the  contrary,  is  seen  to  great  advantage  in  the 
district,  and  is  apparently  thicker  than  in  many  other  counties, 
but  its  upper  hmit  in  many  pits  is  rather  difficult  to  fix.  At 
Williamson's  Quarry  (No.  295)  at  Guildford  it  can  hardly  be  less 
than  60  ft.  in  thickness,  for,  although  a  platform  at  the  northern 
end  affords  access  to  the  upper  beds,  no  definite  evidence  of  the 
overlying  zone  was  obtained.  It  is  probable  that  there  is  here,  as 
at  Dover,*  a  thick  passage  bed  between  the  two  zones. 

The  Chalk  is  white  and  very  hard  and  contains  much  flint, 
frequently  in  courses  which  approach  those  of  the  M,  cor- 
anguinum-zone  in  regularity,  noticeably  at  the  above-named  pit 
and  in  Echo  pit  (No.  294).  At  Monkshatch  (No.  312)  there  are 
several  pockets  of  very  white  and  very  soft  powdery  chalky 
from  one  of  which  I  obtained  a.,  fine  but  broken  specimen  of 
M.  cor-bovis. 

Middle  Chalk  =  Turonian.^ 

Zone  of  Terebratulina  gracilis,  t 
Zone  of  Rhynchonella  cuvieri. 

Lower  Chalk  =  Ccnomanian, 

Zone  of  Holaster  subglobosus. 
Zone  of  Ammonites  varians. 

The  outcrop  of  these  two  divisions  of  the  Chalk  is  confined 
to  the  face  of  the  escarpment.  The  individual  zones  present  no 
abnormal  features,  and  do  not  require  detailed  description,  but 
owing  to  the  disturbance  of  the  beds,  to  be  described  presently, 
they  occur  at  varying  heights  along  the  escarpment,  and  in  some 
places  the  lower  zones  are  entirely  concealed. 

The  Lower  Chalk  is  not,  on  the  whole,  such  an  important 
feature  as  it  is  to  the  east  of  the  River  Mole. 


PHYSICAL  FEATURES. 

From  the  River  Mole  to  the  River  Wey. 

This  eastern  portion  will  be  dealt  with  first.  It  is  triangular 
in  shape,  with  the  towns  of  Leatherhead,  Dorking,  and  Guildford 
at  the  angles. 

*  Rowe,  Ptoc.  Gtol,  AssoCf  vol.  xvi.  p.  31  x. 

t  Continental  writers  include  the  H.  planus-xone  In  the  Turoniim,  ■ 
X  Zone  of  TeribratuUna  gracilis.— I  must  leave  to  the  Palsontologists  the  settlement  of 
the  vexed  question  of  the  proper  specific  name  oi  the  tyiM  fossil  of  this  xone,  and  I  simply 
Adopt  the  name  used  by  Dr.  Kowe  in  his  series  of  papers  on  '*  The  Zones  of  the  White 
Chalk  of  the  English  Coast,"  published  in  the  Proc— dings  o/tht  Otologists'  AssociaHon, 
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The  junction  with  the  Tertiary  beds  on  the  north  is  marked 
by  the  line  of  villages  which  are  dotted  along  the  main  road 
between  Leatherhead  and  Guildford.  The  road  does  not  pass 
through  the  villages,  but  runs  a  little  to  the  south  of  them.  A 
number  of  parallel  cross  roads  pass  from  the  Chalk  on  to  the 
Tertiaries,  and  it  is  on  these  cross  roads  that  the  villages  are 
placed.  « 

A  similar  but  less  regular  line  of  villages,  nestling  under  the 
escarpment,  runs  from  Dorking  to  Guildford.  The  parishes  in 
this  district  are  often  peculiar  in  shape,  ^.;r.,  the  parish  of  Little 
Bookham  is  six  miles  in  length,  and  only  from  half  to  quarter 
mile  in  width.  Mr.  Topley  has  given  an  interesting  account  of 
parishes  of  this  kind,  and  to  his  paper  the  reader  is  referred  for 
details.* 

The  ground  slopes  upward  from  the  Tertiary  border  towards 
the  escarpment,  which  naturally  forms  the  highest  ground  in  the 
district.  Its  highest  point  is  on  Hackhurst  Down,  733  ft.  O.D., 
from  whence  it  declines  gradually  westward.  The  wider  part  is 
largely  covered  with  clay-with-flints,  which  supports  woodlands 
of  considerable  extent. 

There  are  several  patches  of  "  Sands  of  Doubtful  Age,"  the 
largest  of  which  is  at  Netley  Heath.f  North-west  of  the  latter 
an  outlier  of  Woolwich  and  Reading  Beds  is  shown  on  the  i-in. 
map,  but  little  seems  to  be  known  of  it.  Mr.  Whitaker  refers  to 
it  as  follows:  "North  of  Netley  Heath  an  outlier  [of  the 
Woolwich  and  Reading  Beds  (G.W.Y.)]  has  been  mapped  by  Mr. 
Polwhele,  but  I  believe  it  is  much  hidden  by  superficial 
deposits."^  I  have  not  been  able  to  locate  this  satisfactorily, 
and  unfortunately  pits  Nos.  265  and  266,  which  presumably  lie 
on  its  borders,  are  both  overgrown. 

Owing  to  the  comparatively  narrow  outcrop,  even  in  this  wider 
portion,  the  dry  valleys,  though  numerous  and  deep,  are  not  so 
conspicuous  a  feature  as  they  are  east  of  the  River  Mole.  One, 
however,  is  of  considerable  interest. 

Polesden  Valley  commences  near  Dunley  Hill,  at  about  620  ft. 
O.D.,  not  far  from  the  crest  of  the  escarpment.  At  first  it  runs 
with  the  dip,  due  north,  for  about  a  mile,  dropping  in  this  dis- 
tance 180  ft.  It  then  turns  sharply  due  east  along  the  strike 
for  about  three  miles,  winding,  with  the  beautiful  curves  char- 
acteristic of  these  chalk  valleys,  past  Polesden  Lacey,  Chapel 
Hill,  and  Camilla  Lacey.  Here  it  joins  the  upper  end  of  the 
gorge  of  the  Mole,  just  where  that  river  breaches  the  escarpment, 
and  immediately  facing  Box  Hill.  In  its  easterly  course  it  has  a 
fall  of  about  60  ft.  per  mile,  and  in  the  last  part  has  a  slightly 

*  "  On  the  relation  of  the  Parish  Boundaries  in  the  S.B.  of  England  to  Great  Physical 
Features,  particularly  to  the  Chalk  Escarpment," /ow*''m/o/  tht  Anthropological  InstituU^ 
vol.3' 

t  Stebbing.  Ptoc.  G*ol,  Assoc,  vol.  xvi,  p.  334. 

X  Mem.  Geol.  Surv.  Gt,  Britain,  vol.  iv,  part  z,  p.  1x0.  See  also  H.  H.  French, 
Proc.  Geol,  Assoc,  vol.  x,  p.  183. 
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southerly  trend,  and  somewhat  against  the  dip.  I  am  indined  to 
think  there  is  a  small  strike-fault  here,  but  have  no  very  definite 
evidence  at  present  Just  before  the  railway  is  reached,  a  quarter 
of  a  mile  south  of  Burford  Bridge  Station,  a  shallow  pit  is  being 
dug  in  the  floor  of  the  valley.  It  consists  of  a  bed  of  flints,  mostly 
unworn  and  retaining  their  original  cortex,  embedded  in  a  loose, 
powdery,  chalky  oiatrix,  containing  also  pellety  grains  of  chalk  of 
various  sizes.  It  is  exactly  the  kind  of  material  one  would 
expect  to  find  on  the  theory  suggested  in  my  previous  paper 
that  these  deeply  cut  dry-valleys  are  formed  by  solution. 

Three  small  but  remarkable  valleys  near  Guildford  also  claim 
attention.  Dean  Bottom,  Walnut  Tree  Bottom,  and  Warren 
Farm  Bottom  *  occur  in  rapid  succession,  and  present  the  same 
general  features.  Each  is  short  but  deeply  cut,  and  at  first  runs 
due  west  and  then  sweeps  round  to  the  north,  leading  down  to 
the  lower  ground  of  the  Tertiaries.  I  suggest  that  all  these  have 
been  excavated  by  solution  along  lines  of  weakness,  probably 
joint-planes,  which  may  have  been  converted  into  fault-planes  by 
earth  movements.  The  intervening  ridges  are  each  protected  by 
a  clay  capping  In  the  case  of  Walnut  Tree  Bottom  the  evidence 
for  a  slight  fault  is  fairly  clear.  Chimney  pit,  No.  291,  in  the 
face  of  the  escarpment,  shows  at  the  top  indications  of  the  base 
of  the  M.  cor-angutnum-zone,  while  Merrow  Downs  pit,  No.  284A, 
on  the  north  side  of  the  axis  of  this  valley,  and  therefore  at  a 
presumably  higher  horizon,  is  shown  by  its  fossils  to  be  in  the 
M.  cor'testudinarium-zoti^.  This  suggests. a  down-throw  to  the 
south. 

A  deep  hollow,  anvil  shaped  in  plan,  is  seen  in  the  face  of 
the  escarpment  at  Colekitchen  Hole,  near  Gomshall.  It  is  sur- 
rounded by  precipitous  slopes  200  ft.  high,  but  deep  as  it  is,  it 
does  not  breach  the  crest  of  the  escarpment,  although  a  dry 
valley  (Honeysuckle  Bottom)  runs  up  the  dip-slope  towards  it, 
and  the  ridge  of  ground,  over  600  ft.  O.D.,  separating  them  is 
under  100  yards  in  width.  The  "Hole"  is  possibly  due  to 
a  prolongation  of  the  Rookery  fault  at  Wotton.  This  fault  marks 
a  change  in  the  direction  of  the  strike  of  the  escarpment,  which, 
from  here  westward  to  Farnham,  is  practically  east  and  west,  but 
east  of  this  point  it  takes  a  decided  northerly  trend.  Another 
deep  hollow  is  to  be  seen  at  Pickett's  Hole,  two  miles  east  of 
Colekitchen  Hole. 

Westward  of  Colekitchen  Hole  the  height  of  the  escarpment 
gradually  diminishes.  The  600  ft.  contour  line  is  passed  oppo- 
site Albury,  the  500  ft.  opposite  St.  Martha's  Chapel,  the  400  ft. 
opposite  The  Chantries,  until  at  Pewley  Hill,  the  eastern  portal 
of  the  gorge  of  the  Wey,  it  is  but  375  ft.  O.D. 

*  There  are  three  "  Warren  "  Farms  In  this  district.  One  is  near  Horsley  Towers, 
and  two  are  close  to  Guildford,  one  of  these  being  on  the  Lower  Chaik.  near  The 
Chantries,  and  the  other  on  the  Upper  Chalk,  near  the  Golf  House.  The  last  named  is 
the  one  referred  to  above. 
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A  nanx>w  strip  of  Selbomian  (Upper  Greensand  and  Gault) 
runs  along  the  foot  of  the  Chalk  escarpment,  occupying  the  floor 
of  the  narrow,  waterless  valley  between  the  Chalk  and  the  parallel 
ridge  of  Folkestone  Sands.  The  Tillingboume  rises  on  the  north 
bank  of  Leith  Hill,  turns  sharply  westward  at  Wotton,  and  runs 
over  the  Sandgate  beds  to  join  the  River  Wey  at  Guildford,  but 
does  not  enter  this  Selbomian  valley  in  any  part  of  its  course. 

Guildford  District. 

In  the  neighbourhood  of  Guildford  there  is  abundant  evidence 
of  violent  disturbance.  South  of  the  town  a  sharp  anticline 
brings  up  the  Weald  Clay  at  Peasemarsh,  and  the  outcrop  of  the 
whole  of  the  beds  between  the  Tertiaries  and  the  Wealden 
measures  only  if  miles,  so  the  average  northerly  dip  must  be 
considerable.  It  is,  however,  by  no  means  uniform,  that  of  the 
Upper  and  Middle  Chalk  not  exceeding  lo**,  while  that  of  the 
Lower  Chalk,  Selbomian,  and  Lower  Greensand  is  much  greater. 

As  long  ago  as  1875,*  Mr.  Topley  suggested  that  most  of  the 
rivers  which  escape  from  the  Weald  through  breaches  in  the  Chalk 
escarpment  run  in  gentle  transverse  synclinals.  He  does  not  quote 
the  Wey  as  an  example,  but  apparently  it  is  a  case  in  point,  for  west 
of  White  Lane  pit  (No.  287),  near  St.  Martha's  Chapel,  the  strata 
dip  noticeably  to  the  west.  At  this  pit  the  400  ft.  contour  line 
marks  the  top  of  the  R.  ameri-zone^  while  at  Rifle  pit,  Guildford 
(No.  295A),  the  top  of  the  zone  is  only  about  150  ft.  O.D.,  a  fall 
of  250  ft.  in  the  intervening  two  miles. 

The  coincidence  of  the  above-mentioned  gentle  transverse 
syncline  with  the  strong  longitudinal  anticline  at  Peasemarsh  has 
produced  a  sharp  twisting  of  the  strata,  the  tension  of  which  has 
been  relieved  by  a  strike-fault,  with  its  downthrow  on  the  north, 
which  rans  along  the  foot  of  the  escarpment  for  some  four  miles 
to  Silent  Pool,  when  it  is  probably  cut  off"  by  the  Albury  fault 
shown  on  the  i  in.  map.  The  spring  which  feeds  Silent  Pool 
may  possibly  arise  at  the  junction  of  the  two.  On  the  north  side 
of  this  fault  the  strata  dips  northwards  at  gentle  angles,  while  on 
the  south  side  they  are  highly  inclined.  The  gentle  dip  can  be 
seen  in  most  of  the  pits  in  the  higher  part  of  the  scarp  face, 
particularly  Echo  pit.  No.  294,  and  Williamson's  Quarry,  No. 
29s,  while  the  high  dips  can  be  well  studied  at  Warren  Farm  pit. 
No.  290,  and  Albury  Downs  pit,  No.  286,  The  Folkestone 
Sands  of  the  Lower  Greensand  are  also  highly  inclined,  as  may 
be  seen  at  The  Chantries,  St.  Martha's  Hill,  and  near  Albury. 
The  result  is  that  very  little  of  the  Lower  Chalk  is  exposed  in 
this  neighbourhood.  1  venture  to  name  this  the  Chantries 
faultt    (See  Fig.  32.) 

•  "Geology  of  the  Weald,  1875,'*  Mem.  Geol.  Survey,  p.  276, 
\  See  ante,  p.  174. 
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This  fault  is  within  the  mass  of  the  Chalk  itself,  and  the  floor 
of  the  valley  has  been  excavated  along  its  course  and  not  along 
the  outcrop  of  the  Gault,  where  one  might  expect  to  find  it. 
This  is  proved  by  the  position  of  Warren  Farm  pit,  No.  290, 
which  is  on  the  south  flank  of  the  valley  separating  the  Chalk 
escarpment  from  the  Lower  Greensand  of  The  Chantries. 


The  Hog's  Back. 

The  Hog's  Back  is  a  bold  ridge  of  chalk  running  due  east 
from  Guildford  to  Whiteways  End  near  Farnham,  about  8  miles. 
The  highest  point,  503  ft  O.D.,  is  near  Monkshatch,  but  the  top 
is  practically  level  for  several  miles.  The  average  height  above 
the  surrounding  country  is  only  about  200  ft.,  but  the  isolated 
position  of  the  ridge  and  the  steepness  of  the  slopes  on  either  side 
make  it  a  very  prominent  feature  in  the  landscape.  The  crest  is 
surprisingly  narrow,  scarcely  more  than  the  width  of  the  roadway 
which  traverses  its  whole  length,  and  afibrds  fine  views  over  the 
surrounding  country.  BetAveen  Whiteways  End  and  Famham 
(2  miles)  the  Chalk  becomes  a  very  subordinate  feature. 

The  Chalk  outcrop  along  the  Hog's  Back  has  an  average 
width  of  about  half  a  mile,  and,  as  ever>'one  knows,  the  narrow- 
ness is  due  to  the  high  angle  of  dip,  and  to  the  subaerial  denuda- 
tion which  has  removed  the  relatively  softer  beds  on  both  sides, 
leaving  the  Chalk  upstanding  as  a  ridge.  Detailed  examination, 
however,  has  revealed  an  unexpectedly  complicated  structure. 

West  of  Guildford  the  axis  of  elevation  seems  to  have  been 
shifted  slightly  to  the  north,  so  that  the  Peasemarsh  anticline  and 
its  accompanying  Chantries  fault  die  out,  and  are  replaced  by  an 
elevation  of  the  Chalk  itself.  Therefore  as  we  go  west  we  find 
the  dip  of  the  beds  gradually  increasing,  eventually  reaching  60^ 
or  even  more,  with  distinct  evidence  of  over-thrusting  in  places. 
Starting  from  Guildford,  where  it  is  about  8^,  the  dip  has  risen 
to  about  25^  at  Artington  pit.  No.  299,  and  is  about  the  same  at 
Monkshatch,  No.  312.  Beyond  Wanborough  it  rises  rapidly  to 
50^  at  Inwoodbarn,  No.  314,  and  60**  or  more  at  Scale  Lime 
Works,  No.  317.  This  rise  of  the  beds  allows  the  Lower  Chalk 
to  reappear  in  the  face  of  the  escarpment,  and  we  first  find  it  at 
Down  Lane  pit  (No.  302)  at  325  ft.  O.D.,  from  whence  it  rises 
westward  until  at  Seale  its  top  is  nearly  400  ft.  O.D.*  At 
Tongham  Lane  pit.  No.  324,  one  mile  from  Seale  we  have 
evidence  of  compression. .  Here  the  dip  is  less  at  the  north  end 
(about  45^)  than  at  the  south  end,  where  the  beds  are  contorted 
and  almost  vertical.  Three  quarters  of  a  mile  farther  west, 
at  Whiteways  End  pit.  No.  325,  the  compression  is  still  greater 
and  suggests  overthrusting  and  faulting,  for  here  the  Upper 

*  See  also  pcstsa  p.  449. 
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Greensand*  is  separated  by  only  250  ft.  from  the  Holaster planus- 
zone.     (See  Fig.  32.) 

At  Runfold  a  fault  occurs,  first  noticed  by  Mr.  Long  in  1837. 
The  Chalk  ridge  is  thrust  northward,  and  I  am  inclined  to  think 
the  displacement  is  rather  greater  than  is  shown  on  the  i  inch 
map,  so  that  the  Selbomian  abuts  directly  against  the  Tertiaries. 
Through  the  gap  runs  the  railway  from  Guildford  to  Famham. 
Still  nearer  to  Famham,  there  is  another  small  fault,  not  marked 
on  the  map,  the  course  of  which  runs  along  the  low  ground  on 
the  east  of  Farnham  where  the  gap  in  the  chalk  ridge  is  much 
wider  than  at  Runfold.  In  this  gap  lies  the  Farnham  Sewage 
Farm,  close  to  which  a  strong  spring  emerges  at  the  base  of  a 
small  chalk  bluff. 

This  is  the  source  of  the  Bourne  Mill  stream,  and  I  suggest 
that  the  spring  marks  the  position  of  this  second  fault.  At  this 
point  the  strike  of  the  beds,  until  now  practically  due  east,  takes 
on  a  strong  southerly  trend,  which  is  well  indicated  by  the 
direction  of  the  avenue  in  Farnham  Park. 

Here  the  Chalk  abuts  against  the  Gault,  which  appears  on  the 
opposite  side  of  the  stream,  while  the  disrupted  Chalk  appears  a 
short  distance  away  to  the  north-west,  at  the  corner  of  Famham 
Park.t 

Between  these  two  parallel  faults  there  is  a  small  "island"  of 
chalk,  the  structure  of  which  is,  fortunately,  well  displayed  at  Bad- 
shot  Farm  pits  (see  map.  Fig.  33.).  The  north  pit.  No.  326,shows  a 
dip  of  about  40**  and  is  cut  in  the  zone  of  Micraster  cor-anguinum. 
The  south  pit,  No.  327,  60  yards  away,  is  more  complicated. 
At  the  extreme  north  end  there  is  highly  flinty  chalk  dif^ing  at 
about  45^.  This  is  cut  off  by  a  thrust  plane  and  succeeded  by 
flintless  chalk  with  a  dip  of  75^.  This  flintless  chalk  is  hard  and 
creamy,  with  two  distinct  marl-bands  and  some  vein-calcite. 
The  violence  of  the  disturbance  is  evidenced  by  the  state  of  the 
flints,  which  are  completely  shattered  and  fall  into  hundreds  of 
pieces  at  a  touch.  Some  are  drawn  out  into  curved  lines 
resembling  coal  dust,  just  like  those  mentioned  by  Dr.  Strahan 
as  occurring  in  the  region  of  the  Isle  of  Purbeck  thmst-plane. 
As  is  frequently  the  case  in  highly  disturbed  strata  these  beds 
yield  no  fossils.  The  lower  part  of  the  pit  shows  similar  flintless 
chalk  with  a  slightly  smaller  dip,  about  55*^,  but  the  zone  was 
proved  to  be  that  of  Terebratulina  gracilis  by  the  finding  of 
several  of  the  name-fossils.  The  other  fossils  found  were 
Terebratula  (J  semiglobosa\  I^hynckonella  cuvieri^  Porosphara 
globulariSy  Ostrea,  InoceramuSy  CidariSy  and  Ptychodus,  In  its 
turn  this  flintless  white  chalk  is  cut  off  by  a  strike  fault,  leading 
to  the  south,  which  brings  up  the  grey  chalk  of  the  Holaster 

*  Jukes-Browne  {op.  cit,\  Vol.  U,  p.  32. 

-{■  A  large  sheet  of  gravel  occurs  here  which  has  been  separated  into  two  portions  by 
the  Bourne  Mill  stream.  The  western  portion  is  wholly  on  Gault,  but  the  eastern  i& 
partly  on  Chalk  and  it  is  thus  evidently  of  later  age  than  the  fault. 
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subglobosuS'ZOViQ^  succeeded  by  Chalk  Marl,  Chloritic  Marl,  and 
Upper  Greensand.  The  fossils  found  in  this  grey  chalk  were 
Rhynchonella  martini^  R.  manteiiianiana,  Kingena  iima^  Tcre- 
bratula  squamosa^  T.  semigiobosa^  Pecten  orbicularis^  Nautilus 
deslongchampsianuSy  and  Turrilites  scheuchzerianus.  This  is  quite 
a  typical  Lower  Chalk  fauna.     (See  Fig.  32.) 

As  the  whole  of  the  R,  cuvieri-zone  and  nearly  all  the  If.  sub- 
globosuS'Zone  is  cut  out,  this  fault  must  have  a  throw  of  not  less 
than  150  feet  and  most  probably  more.  The  fault  plane  is  quite 
visible  owing  to  the  contrast  in  colour  and  the  smaller  dip  of  the 
lower  beds  (about  35^).  This  strike  fault  is  evidently  the  satne 
as  the  one  inferred  at  Whiteways  End  and  its  displacement  by 
the  Runfold  dip  fault  proves  the  latter  to  be  the  younger  of  the 
two. 

Farnham. 

At  Farnham  the  chalk  ceases  to  be  the  dominant  feature  of 
the  landscape.  For  a  short  distance  the  Tertiaries  become  of 
importance,  and  form  a  plateau,  known  by  the  various  names  of 
Hungry  Hill,  Csesar's  Camp,  Farnham  Beacon,  and  Lawday 
House,  which  rises  to  a  height  of  over  600  ft.  O.D.  This  lofty 
elevation,  however,  is  quite  local,  partly  due  to  a  thick  capping 
of  "  plateau  gravel,"  and  a  little  to  the  west  they  resume  their 
normal  insignificance,  and  then  the  Upper  Greensand  comes  into 
prominence. 

West  of  the  Park  the  Reading  clay  crowns  the  chalk  escarp- 
ment without  any  surface  feature  at  the  junction,  and  this  is 
succeeded,  as  the  ground  rises  northward,  by  London  Clay,  and 
ultimately  by  Bagshot  beds.  In  the  Park  itself  a  short  valley  has 
been  excavated  between  the  Chalk  and  the  Tertiaries,  (rather 
below  the  actual  junction),  but  the  latter  form  all  the  higher 
ground  and  overlook  the  low  chalk  ridge  on  which  the  fine 
avenue  of  trees  is  situated.  Farnham  Castle  stands  on  the  root 
■  of  this  ridge  just  where  it  merges  into  the  main  scarp,  so  that  the 
approach  to  the  Castle  from  the  north-west  must  always  have 
been  easy,  in  a  military  sense. 

The  outcrop  of  the  Chalk  is  thus  confined  to  the  face  of  the 
scarp,  and  is  not  more  than  a  quarter  of  a  mile  in  width,  and 
100  ft.  in  vertical  height,  its  base  being  proved  by  the  presence  of 
Chalk  Marl  at  Hop  Field  pit  (No.  329).  This  is  strong  presump- 
tive evidence  of  the  Badshot  strike-fault  being  continued  past 
Farnham.  Unfortunately  there  are  but  few  pits  in  the  immediate 
neighbourhood,  and  the  exact  relations  of  the  beds  are  difficult 
to  understand.  The  highest  zone  exposed  is  that  of  T,  gradUs 
at  Claypit  Gully  pit,  No.  330,  where  the  dip  is  about  45  degrees. 
With  a  narrow  outcrop  and  high  dip  the  conditions  are  the 
same  as  along  the  Hog*s  Back,  but  instead  of  the  Tertiaries 
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forming  low  ground  at  the  foot  of  a  ridge,  they  form  the  highest 
ground  of  the  district,  rising  to  over  200  ft.  above  the  highest 
chalk.  The  difficulty  of  interpretation  is  enhanced  by  the  fact 
that  a  little  farther  west  the  chalk  outcrop  suddenly  widens  to 
more  than  two  miles  at  Crondall,  and  as  most  of  this  broad 
expanse  belongs  to  the  Marsupites-zon^^^  with  Tertiary  outliers 
at  Horsedown  Common  and  Well,  the  dip  is  presumably  low. 

There  are  already  two  sections!  of  the  Farnham  district  in 
our  Proceedings,  and  although  they  differ  considerably  in  detail 
neither  shows  any  sign  of  a  fault,  but  I  venture  to  suggest  that 
such  a  twisting  of  the  beds  as  is  implied  by  so  sudden  a  change 
of  dip  and  strike  would  most  probably  be  accompanied  by  con- 
siderable faulting. 

The  south-east  of  England  is  not  generally  regarded  as  an 
area  of  violent  disturbance,  and  some  may  be  inclined  to  think 
that  the  extensive  system  of  faulting  just  described  is  exaggerated. 
But  it  must  be  remembered  that  in  this  district  the  conditions  are 
exceptional  The  vAdXh  of  the  Chalk  outcrop  along  the  Hog's 
Back  is  so  very  much  narrower  than  that  at  either  end  that  we 
ought  to  expect  something  unusual  to  have  happened  to  the 
stratigraphy.  Outside  the  Isles  of  Wight  and  Purbeck  no  district 
shows  so  narrow  an  outcrop  of  Chalk  as  this.  It  is  true  that  the 
thickness  here  is  not  so  great  as  in  those  places,  but  on  the  other 
hand  the  average  dip  is  not  nearly  so  high.  Unlike  the  Isle  of 
Wight,  where  the  highest  dips  occur  in  the  highest  beds,  here  the 
highest  dips  mostly  occur  in  the  lowest  beds.  Though  the  Chalk 
is  not  a  hard  rock  neither  is  it  a  plastic  one,  and  the  strong  joints 
which  traverse  it  provide  lines  of  weakness  along  which  displace- 
ment of  the  strata  could  easily  be  effected.  Even  in  the  very 
slightly  disturbed  area  farther  east  small  faults  and  reversed  dips 
are  not  uncommon,  as  Mr.  Evans  has  recorded  in  describing  the 
Croydon-Oxtead  section. 

All  the  evidence  points  to  the  conclusion  that  the  Hog's  Back 
movement  took  place  at  a  comparatively  recent  period,  long 
subsequent  to  the  general  elevation  of  the  Weald,  and  after 
denudation  had  laid  bare  a  large  area  of  the  Lower  Cretaceous 
beds.  Its  situation  in  the  extreme  north-west  corner  of  the 
Weald  shows  that  it  is  quite  unconnected  with  the  general 
Wealden  uplift,  as  there  the  latter  is  dying  away  beneath  the 
broad  unbroken  Chalk  arch  which  divides  the  London  from  the 
Hampshire  Basin.  At  first  the  displacement  was  longitudinal, 
producing  rising  of  the  beds  and  movement  along  one  or  more 
thrust-planes,  and  causing  the  strike-fault  seen  at  Badshot  Farm 
pits,  but  the  upheaval  still  continuing,  subsequently  fractured  the 
mass  transversely  and  thrust  the  Chalk  northward  along  the  dip- 
fault-planes  at  Runfold  and  Bourne  Mill.     Probably  when  the 

*  Treacher  and  White,  Proc,  Gtol,  Assoc.,  vol.  xlx,  X906,  p.  378. 
t  Proc,  Geok  Assoc,,  vol.  xlii,  1893,  pp.  75  and  79. 
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Hog*s  Back  uplift  took  place  the  escarpment  had  been  already 
cut  back  to  nearly  its  present  position,  and  the  upper  waters  of 
the  Wey  may  have  formed  part  of  the  Blackwater  system,  escaping 
from  the  Weald  through  the  breach  in  the  Chalk  at  Farnham. 
The  wide-spread  sheets  of  gravel  bordering  the  Blackwater, 
composed  of  flints  and  Lower  Greensand  materials,  imply  the 
former  existence  of  a  considerable  river,  whereas  now  not  a  single 
drop  of  water  passes. 

The  Farnham  Swallow  Holes. 

Another  interesting  phenomenon,  which  helps  to  accentuate 
the  abnormal  physical  character  of  the  district,  can  be  well 
studied  at  Farnham. 

Several  small  streams  run  off  the  higher  ground  of  the 
Tertiary  clays  until  they  reach  the  Chalk,  when  they  disappear 
down  a  swallow  hole.  Usually  the  whole  flow  is  absorbed,  but 
after  heavy  rain  the  "swallet"  cannot  always  cope  with  the 
increased  quantity,  and  then  the  surplus  water  flows  away  down 
a  definite  overflow  channel,  the  gravelly  bed  of  which  is  quite 
dry  at  other  seasons.  The  local  name  for  these  swallow  holes  is 
the  very  appropriate  one  of  "  soakage." 

Seventy  years  ago  an  account  of  these  was  read  before  the 
Geological  Society  by  Mr.  George  Long,  of  which  only  an 
abstract  was  published.*  By  the  kindness  of  the  authorities  of 
the  Geological  Society  I  have  been  allowed  to  inspect  Mr. 
Long's  original  manuscript,  but  the  following  account  is  based  on 
my  own  observations. 

The  swallow  holes  number  seven  in  all,  the  two  in  Farnham 
Park  and  the  one  in  Claypit  Gully  being  the  most  interesting. 
The  two  former  are  situated  on  the  north  flank  of  the  short 
valley  already  described.  The  eastern  and  larger  is  at  the  lower 
end  where  it  opens  out  into  the  low  ground  near  Hale.  The 
stream  which  enters  it  is  formed  by  the  union  of  several  small 
ditches  which  carry  off  the  surface  water  of  the  larger  portion  of 
Farnham  Park.  The  main  stream  has,  on  a  small  scale,  a  very 
meandering  course,  with  sharply-cut  clay  banks,  and  near  the 
spot  where  it  disappears,  bright  red  mottled  clay  of  the  Reading 
series  can  be  clearly  seen  in  its  bed.  The  actual  swallet  is  a 
marshy  area,  overgrown  with  nettles  and  enclosed  with  railings. 

The  swallet  consists  of  a  cluster  of  holes  or  fissures  down 
which  the  water  soaks,  and  therefore  its  disappearance  is  not  so 
imposing  as  one  might  expect  from  Mr.  Long's  account 
(which  says  they  "  plunge  into  the  ground ! "),  but  there  is 
generally  a  small  whirlpool  formed  at  each  hole.  The  "  storm- 
water"  gully,  at    first  underground,   suddenly    appears    about 

*  Proc,  Geol.  Soc,  toI.  lii,  p.  zoz. 
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30  yards  lower  down  the  valley,  its  bed,  usually  quite  dry,. being 
strewn  with  many  flints.  This  gully  eventually  leads  into  the 
Bourne  Mill  stream  a  little  below  the  source  of  the  latter. 

Mr.  Long,  in  the  abstract  before  referred  to,  says,  "The 
water  absorbed  by  the  holes  in  Farnham  Park  is  supposed  to 
reappear  at  the  Bourne  Mill  stream,"  but  he  himself  doubts 
this,  for  he  adds,  "  and  though  soft  where  it  sinks  into  the  chalk 
it  is  hard  and  unfit  for  use  where  it  again  breaUfe  forth."  In  the 
manuscript,  moreover,  he  gives  further  reasons  for  thinking  that 
the  supposition  is  not  correct.  Certainly  on  each  of  my  visits 
the  quantity  of  water  emerging  at  the  spring  has  been  far  greater 
than  that  which  was  being  absorbed  at  the  swallow-holes,  and  it 
is  evident  the  supply  is  not  dependent  on  that  source  alone.  On 
the  other  hand,  if,  as  I  suggest,  the  Bourne  Mill  spring  rises  in  a 
fault-plane,  it  is  possible  that  part  at  least  of  this  water  does  come 
from  the  swallow-holes.  The  size  of  the  valleys  which  these  smal 
streams  have  excavated  shows  that  the  quantity  of  clay  carried  off 
in  suspension  is  enormous,  and  one  would  have  expected  the 
absorbing  fissures  to  have  been  filled  up  long  ago  unless 
there  was  some  outlet  near  at  hand.  Moreover,  the  beds  them- 
selves seem  to  dip  in  that  direction. 

The  other  swallow  hole  in  the  park  is  close  to  the  path  leading 
to  Upper  Hale,  just  where  it  commences  to  rise  past  the 
central  enclosure.  The  hollow  is  deep  and  cup-shaped,  and  a 
large  oak  tree  is  growing  in  it.  The  stream  is  very  small,  and  is 
all  absorbed,  there  being  no  overflow  channel.  A  third  stream 
is  absorbed  just  outside  the  park  palings  skirting  the  Odiham 
Road,  and  in  this  case  an  ill-defined  overflow  channel  is 
beginning  to  be  formed. 

Claypit  Gully  lies  in  a  bifurcated  valley,  which,  although 
short,  is  deeply  cut,  with  sides  that  are  remarkably  steep  con- 
sidering that  they  are  of  clay.  Just  where  the  water  disappears 
there  has  been  some  recent  slipping,  which  temporarily  interfered 
with  the  proper  working  of  the  swallow  and  caused  a  slight 
overflow.  The  disappearance  of  the  water  is  not  well  shown  at 
present,  but  the  soaJcing  away  can  be  distinctly  heard.  The 
overflow  channel  is  well  marked ;  it  is  about  6  ft.  in  width  and 
over  4  ft.  in  depth,  with  a  gravelly  bed.  It  crosses  the  whole 
width  of  the  chalk  as  a  dry  gully,  eventually  joining  a  permanent 
stream  which  is  fed  by  springs  thrown  out  at  the  outcrop  of  the 
Gault,  This  runs  across  the  Gault  on  to  the  Lower  Greensand 
and  falls  into  the  River  Wey  at  Cox  Bridge,  about  a  mile  west  of 
Farnham. 

Swallow  holes  of  this  nature  are  not  unknown  in  other 
districts,  but  in  such  cases  the  dip  of  the  Chalk  is  usually  very 
low,  whilst  the  Tertiary  or  other  clay  beds  above  form  a  gentle 
slope  of  the  nature  of  an  escarpment.  Mr.  Whitaker  gave  a  list 
of  those  occurring  in  the  London  Basin  in  his  evidence  before  the 
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Royal  Commission  on  Metropolitan  Water  Supply  in  1893*  and 
in  explaining  the  diagram  illustrating  their  mode  of  origin 
expressly  states  that  there  would  be  a  wide  expanse  of  Chalk  on 
account  of  the  low  dip.  This  increases  the  abnormality  of  the 
Farnham  district,  where  the  dip  is  high  and  the  outcrop  very 
narrow. 


CONCLUSION. 

It  will  be  noticed  that  I  have  not  attempted  to  give  the  thick- 
ness of  the  different  zones.  If  the  various  typical  fossils  were 
rigidly  confined  to  their  proper  zones  the  task  of  determining  the 
exact  limits  of  a  zone  might  be  overcome  by  careful  collecting, 
although  in  comparatively  few  cases  is  the  whole  of  a  zone  ex- 
posed in  any  one  pit,  and  even  then  the  upper  limit  is  generally 
inaccessible.  But  everyone  knows  that  the  typical  fossils  are  not 
rigidly  confined  to  their  own  zone,  and  there  is  rarely  a  hard  and 
fast  line  of  demarcation.  Between  them  are  passage  beds  ;  beds 
in  which  there  is  not  only  an  intermingling  of  the  faunas  of  the 
two  zones  concerned,  but  the  fossils  themselves  are  passage 
forms.  For  instance,  in  such  a  transitional  bed  it  is  by  no  means 
rare  to  find  examples  of  Micraster  with  one  surface  showing  the 
characteristic  features  of  one  zone,  and  the  other  surface  display- 
ing the  characteristic  features  of  the  succeeding  zone.  And  this» 
indeed,  is  exactly  what  the  whole  theory  of  evolution  teaches  us 
to  expect.  Therefore,  by  excluding  or  including  these  passage 
beds,  two  different  observers  might  assign  quite  a  different  thick- 
ness to  the  zone  in  question. 

As  to  the  thickness  of  the  Chalk  as  a  whole  I  have  no  evidence 
to  offer  beyond  what  is  already  known  by  the  boring  at  East 
Horsley,  which  shows  a  thickness  of  81 7^  feet.  This  is  much 
thicker  than  in  any  other  boring  in  the  London  basin,  and  is 
most  probably  due  to  real  thickening  of  the  beds,  as  the  dip  at 
East  Horsley  is  not  high  enough  to  make  any  material  difference 
in  the  result.  Mr.  Jukes-Browne,  in  the  course  of  a  discussion  of 
my  previous  paper,t  very  truly  points  out  that  this  would  be  quite 
sufficient  to  allow  of  the  M,  cor-anguinum-zont  being  more  like 
its  usual  thickness  than  it  is  near  Croydon.  Unfortunately  no 
other  boring  in  the  district  goes  through  the  whole  of  the  Chalk 
into  the  beds  beneath.  The  boring  at  Winkfield,  where  the 
Chalk  is  725  feet  thick,  is  too  far  away  and  too  near  the  northern 
outcrop  to  be  of  service  to  us  in  estimating  the  thickness  near 
Farnham. 

This  attempt  at  a  complete  zonal  survey  of  the  Surrey  Chalk 
must  not  be  regarded  in  any  way  as  the  final  word  on  the  subject^ 

•  RepoH  Roy,  Com.  Mtt.  Wottr  Supply,  1893,  Appendix  No.  C.  49,  p.  433. 
t  Proc  GeoL  Assoc^  vol,  xlx  (1906),  pp.  388,  289. 
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and  I  hope  it  may  be  the  means  of  inducing  others  to  take  up  the 
work  and  check  my  results.  The  task  of  zoning  so  large  a  num- 
ber of  pits  by  an  amateur  with  but  little  leisure  is  no  light  one, 
and  it  would  be  strange  indeed  if  mistakes  have  not  been  made. 
In  some  cases  the  evidence  on  which  I  have  zoned  a  pit  may  have 
been  too  scanty,  and  additional  collecting  may  show  a  need  of 
revision,  but  I  believe  that  my  conclusions  as  a  whole  will  be 
found  substantially  correct. 

Finally,  I  have  to  tender  my  most  cordial  thanks  to  the 
numerous  land-owners,  farmers,  and  quarry-owners  who  have 
given  me  permission  to  examine  their  pits;  to  the  following 
gentlemen  for "  help  and  encouragement  in  various  ways :  Mr. 
H.  A.  Allen,  Dr.  F.  A.  Bather,  Mr.  G.  E.  Dibley,  Mr.  W.  D. 
Lang,  Mr.  E.  T.  Newton,  Mr.  C.  D.  Sherborn ;  to  Mr.  W.  P. 
Young,  who  took  all  the  photographs  and  made  all  the  lantern 
slides  used  in  illustrating  the  reading  of  the  paper ;  to  Dr.  A.  W. 
Rowe,  who  has  been  ever  ready  to  identify  specimens  and  explain 
difficult  points;  and  lastly  to  Messrs.  W.  Johnson  and  W. 
Wright,  who  have  given  unceasing  help  and  companionship  in  the 
field,  either  the  one  or  the  other  having  accompanied  me  on 
nearly  every  occasion. 


A    LIST    OF    CHALK    PITS    IN    SURREY,    WEST   OF 
THE  RIVER   MOLE. 

The  numbers  of  the  pits  follow  on  from  those  given  in  my 
paper  on  the  Chalk  Area  of  North-East  Surrey  (Proceedings, 
Vol.  XIX,  p.  200).  The  figures  in  brackets  are  the  approxi- 
mate heights  above  the  ordnance  datum. 

.  Abbreviations  of  Zonal  Titles  used  in  the  Text  and 
Diagrams. 

M.t.  =  Marsupites  testudinarius. 
U.  =  The  sub-zone  of  Uintacrinus  of  the 

MarsupiteS'ZOVL^, 
C.a.  =  J//Vrflj/fr^e7r-tf«^/Viww(M.c.a.  in  the  diagrams) 
C.t.  =  Micraster  cor-testudinarium  (M.ct.  in  the 

diagrams). 
H.p.  =  Holaster  planus. 
T.g.  =  Terebraiulina  gracilis, 
R.c.  =  Rhynchonella  cuvieri, 
H.s.  =  Holaster  subglobosus. 
A.V.  =  Ammonites  «^ana«j=Chalk  Marl  (included 

in  H.s.  in  most  of  the  diagrams). 
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Sheet  25  N.E.  of  the  6-in.  Map.    Mickleham  District. 
No. 

196  (230').     At  Park  Farm,  Fetcham.    Very  small  exposure. 

197  (190-220').  Hawkshill  pit.  Chalk  white,  with  numerous 
flints.  A  strong  tabular  is  shown  abruptly  ending  at  a  dip 
fault.  Fossils  not  plentiful,  but  quite  characteristic  of  zone. 
Synhelia  found.  [C.a.] 

198.  (140-170').  Ice  House  pit,  Norbury  Park,  close  to  River 
Mole.  Tough  clayey  chalk,  strongly  veined  with  dark  grey 
marl  j  numerous  flints  with  thick,  dull  earthy  cortex.     [H.p.] 

(Nos,  199  to  201  E.  of  River  Mole,) 

Sheet  No.  25  S.E.    Box  Hill  District. 

202  (470').     N.  of  Crabtree  Cottages.     Shallow,  overgrown, 
202^(460').     Near  202,  in  Norbury  Park.     Very  small.     [?C.a.] 

203  (220-270'^.  Chapel  Lane  pit  near  Camilla  Lacey.  Very 
old  deep  pit,  large  rough  talus,  main  face  in  dangerous  con- 
dition. Chalk  and  flints  of  upper  part  resemble  No.  198 ; 
lower  part  more  marly.  Fossils  few,  but  S.  spinosus 
relatively  abundant.  [T.g. :  H.p.] 

204  (220').  In  field  quarter  mile  south  of  Camilla  Lacey.  Old 
and  overgrown. 

205  (260-320').  Dorking  Lime  Works.  A  group  of  large  old 
pits ;  have  been  worked  over  200  years.  Face  about  60  ft. 
A,  plenus  marl  band  present  ("  Soap  ").  [H.s  :  R.C.] 

206  (320').     A  little  E.  of  No.  205.    Abandoned. 

{Nos,  207  to  235  E,  of  River  Mole.) 

Sheet  No.  25  N.W.  Bookham. 

236A  (350').    Hale  pit,  near  Ralph's  Cross.   Old  and  full  of  trees. 

237A  (220').  Eastwick  pit.  Great  Bookham.  A  large  old  pit» 
very  little  used  and  partly  overgrown.  Flints  few ;  fossils 
most  numerous  in  upper  part  [M.t] 

238  (225').  Near  Bookham  Grove,  in  private  ground.  Full  of 
trees. 

239  (225').  At  the  Grange,  Little  Bookham.  Large,  but  dis- 
used many  years.    No  exposure. 

240  (280').  Rectory  pits,  Little  Bookham.  Chalk  strongly 
jointed,  with  horizontally  slickensided  faces  showing  N.  and 
S.  movement.     Many  flints,  mostly  in  courses.  [Ca.] 

241  (250').     In  grounds  of  Manor  House.     Full  of  trees. 

242  (250/).  In  grounds  of  Effingham  Lodge.  A  large  pit  only 
occasionally  worked.  Chalk  white  and  soft,  scattered  flints 
numerous.  [M.t] 
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242A  (265 ').  In  grounds  of  Effingham  Lodge,  300  yards  S.  of 
No.  242.  Here  the  dip  of  the  beds  has  brought  up  the 
UintacrinuS'hdJid.     Very  small.  [U.] 

243  (250').  At  Home  Farm,  Effingham.  Disused;  full  of 
trees. 

244  (230')*  At  Orestan  Farm.  Medium  size;  full  of  shrubby 
trees  ;  small  exposure ;  many  flints.  [M.t.J 

245  (340').  On  Standard  Hill.  Small,  full  of  rubbish ;  ffints 
few ;  chalk  much  iron-stained.  [U.] 

246  (310').  Warren  Farm  Pit,  Effingham,  quarter  mile  S.W.  of 
No.  245,  in  shallow  valky,  which  has  cut  down  to  the  under- 
lying zone.  Chalk  rather  hard,  thick  bedded  with  flints. 
Fossils  scarce.  [Ca.] 

247  (300').  Smuggler's  Hole  pit,  Horsley  Towers.  Very  large, 
but  disused  nearly  100  years.  A  small,  dirty  exposure 
right  at  top  yielded  Marsupites.  [M.t] 

248  (300')  North     ^ 

248A  (300')  Middle  >  In  Park  Wood,  Horsley  Towers. 

249  (330')  South     J  On  western  flank  of  narrow  ridge  of  Eocene 

beds.     All  much  obscured. 

249A  (330').     Dancing  pit,  Horsley  Towers  (at  S.E.  comer  of 

Sheet  24  N.E.).    Very  old  large  pit.     Only  a  few  square 

feet    exposed,    in    which    Marsupites    and    sub-pyramidal 

Echinocorys  were  found.  [M.t] 

Sheet  25  S.W,    Ranmore  District. 

250  (420-450').  At  Phoenice  Farm,  Norbury  Park.  Very  old 
pit.  Large  exposure,  but  dirty  and  moss-grown.  Massive 
chalk,  many  flints,  some  with  bright  pink  cortex.  Few 
fossils,  Actinocamax  verus,  [C.a.] 

251  (300-380').  Milton  Court  pit.  In  face  of  escarpment  south 
of  Ranmore  Church.  Very  old,  nearly  100  ft.  deep ;  full  of 
trees ;  large  talus.  [H.s. :  R.C.] 

251A  (410-450').  In  Yew  Tree  Lane,  Polesden  Lacey.  A  road- 
side section  running  up  the  flank  of  valley;  junctions 
obscure.  [H.p.  (?) :  C.t. :  C.a.] 

252  (460').  Yew  Tree  Farm.  A  small  pit  on  opposite  side  of 
valley,  capped  with  clay-with-flints,  chalk  white  and  hard, 
some  large  flints,  no  fossils. 

Between  the  last  two  sections  a  well  has  been  sunk  in  the 
floor  of  the  valley,  but  the  fossils  on  the  spoil  heap  are,  of 
course,  of  no  zonal  value. 

253  (510').     At  Pigdon.     Small  and  grassed  over. 

254  (370-470 ').  Coomb  pit  In  lower  part  of  scarp  face.  Very 
old,  huge  talus  yielding  R.c.  zone  fossils.  At  base  on  £. 
side  grey  chalk  is  seen.  [H.s. :  R.c.] 
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25  s  (600').  In  Critten  Lane,  near  Dunley  Hill.  Large  pit, 
now  disused  and  badly  weathered.  Rather  hard  white 
chalk,  fossils  scarce.  [(?)  Ca.] 


Sheet  33  N.W.  Wotton  District. 

2 55 A  (400').  Pickett's  Hole  is  a  cup-shaped  hollow,  fully  350  ft 
deep,  cut  in  the  face  of  the  scarp  about  2^  miles  W.  of 
Dorking.  The  crest  is  here  700  ft.  O.D.  A  small  pit  near 
bottom,   on   400  ft.   contour,   yielded   chalk   marl    fossils. 

[A. v.:  H.S.] 

256  (410').  At  foot  of  White  Down,  two  small  pits,  lower  one 
shows  small  section  of  grey  chalk.  [H.s.] 

257  (690').  Quarter  mile  W.  of  No.  256.  Small  deep  pit,  full 
of  trees. 

258  (650').  In  Dunley  Wood.  Large  pit,  but  full  of  trees  and 
undergrowth. 

259  (480-500').  Dunley  Wood  lower  pit.  Small,  nearly  at  base 
of  scarp.     Grey  chalk  with  a  marl  band.  [H.s.] 

260  (480').  A  long  trench-like  pit  a  little  to  W.  of  259,  and  at 
same  level.  300  yards  to  S.  is  a  large  brickfield  in  the 
Gault,  and  a  sandpit  in  the  Folkestone  Sands,  the  sections 
being  separated  merely  by  the  S.E.R.  track.  Close  by  is 
the  granite  cross  marking  the  spot  where  Bishop  Wilberforce 
was  killed  in  1873.  [H-s-] 


Sheet  24  S.E.     Horsley  District. 

261  (400').  Rowbams  pit.  West  Horsley.  Large  pit  about 
30  ft.  deep.  Chalk  white  and  rather  soft,  with  numerous 
flints,  and  a  sponge-bed  9  in.  thick  with  a  strong  nodular 
flint  band  i  ft.  a*bove  it.  Fossils  not  plentiful  but  character- 
istic of  zone.  [Ca.] 

262  (315').  Pole  pit  On  main  road  quarter  mile  E.  of  West 
Horsley  Church.  Old  and  much  overgrown.  Fossils  few, 
flints  numerous.  [M.t.] 

263  (280').  Quarter  mile  W.  of  West  Horsley  Church.  Over- 
grown. 

263A  (300').  Wix  Farm  pit.  West  Horsley.  Old  and  much 
overgrown  but  with  small  dirty  exposure.     Flints  numerous. 

[M.t] 

264  (300-360').  Coombs  pit,  West  Horsley.  Fine  pit  with  good 
exposure.  Fossils  not  abundant,  but  typical  of  zone.  Well 
marked  bedding  planes,  strongly  jointed  with  flints  in  courses 
at  varying  intervals.  [Ca.] 

265  (680').    N.W.  of  Woodcote  Lodge.     Small,  full  of  trees. 
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266  (640').     300  yds.  S.  of  No.  265.     Small,  full  of  trees. 
^67  (300').     On  main   road,  near   Fuller's  Farm.      Small  and 

shallow,  grassed  over. 
^68  (350').     Downs  House   pit,  East  Clandon.      Shallow,  not 

much  used.     Chalk  white,  with  a  bed  of  hard  unfossiliferous 

yellow  nodular  chalk.     Micrasttr  rare,  Conulus  common. 

[C.a.] 
^69  (620').     In  Staple  Lane.     Rather  large  but  old  and  mostly 

overgrown.  [C.a.] 

^70  (290').      In  main  road  at  East  Clandon.     Large  pit,  but 

quite  full  of  trees  and  undergrowth. 


Sheet  32  N.E.    Shere  and  Gomshall  District. 

^71  (600-650').     On  Hackhurst  Down  in  face  of  scarp.     Large 

old  pit,  disused.    Large  talus.    Chalk  hard,  lower  part  marly 

and  flintless;   upper  part  with  many  flints  and  large  size 

Terebraiula  semiglobosa,  [T.g. :  H.p.] 

^7iA  (450').     A   small   pit   150  ft.  below  the  preceding  shows 

junction  of  lower  and  middle  chalk  with  marl  band  i  ft. 

thick  yielding  Actinocamax  plenus,  [H.s. :  R.c] 

272  (480').     200  yards  S.E.  of  No.  271.     Very  old,  full  of  trees. 
^73  (450').     In  Beggars  Lane,  quarter  mile  W.  of  No.  27 ia. 

Very   hard   white   chalk,   no   flints.     Inoceramus  mytiloides 

abundant,  other  fossils  scarce ;  Cardiaster  pygnueus  found. 

[R.C.] 
^74  (400').     At  Kingswood  Hangers.     Very  small,  disused,  grey 

chalk  with  strong  vertical  joints.  [H.s.] 

-275  (530-580').     Near  Colekitchen  Farm.     Very  large  workings, 

but  long  abandoned.     Large  rubbly  talus.  [R.c. :  T.g.] 

576  (500').     At  Netley  Plantation.     Two  old  pits  in  thick  wood. 

Large  talus.  [T.g. :  H.p.] 

^77  (500').     Sherborne    pit,    above     Silent    Pool.      Chalk    of 

unequal    hardness.     Scattered    nodular    flints    numerous ; 

fossils  plentiful.      The  abundant  Micrasters  mostly  indicate 

the  top  of  H,  pianus-zonty  with  passage  forms  merging  into 

M.  cor'testudinarium-zont,  type.    Pentacrinus  found.     [H.p.] 
^77^  (350');     Very   small  path-side  section    150  ft.  below  the 

preceding.     Marly,  flintless  chalk.  [?  T.g.] 

^78  (480-540').     Opposite  Juniper  Hill,  Shere.     Large,  very  old 

pit;  no  exposure,  but  large  rubbly  talus,  with  many  flints. 

Pentacrinus,  [H.p.]  * 

^79  (37<^')-     N.  of  Medlands  Farm,  Small.     Chalk  white  and 

hard,  flintless,  and  nodular  in  places.  [R-c] 

^80  (400').     At  E.  end  of  Albury  Down,  by  side  of  road.     Dull 

white,  tough,-  flintless  chalk.  [T.g.] 
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Sheet  24  S.W.    Merrow  District. 
No. 

281  (280').  West  Clandon  pit.  Old,  but  now  being  worked 
again.  Chalk  very  white  and  soft  with  abundant  flints. 
Junction  of  AL  and  U.  bands  is  about  hialf  way  up 
the    S.    face.      Actinocamax    verus^    Terebratulina    roweu 

[U. :  M.t.] 
281 A  (300').  Clandon  Rifle  pit  Separated  from  the  preceding 
by  a  footpath  only.  Very  old ;  about  70  ft.  deep,  with  large 
talus,  now  used  as  rifle  range.  Gentle  dip  to  N.  On  the 
east  side  there  is  a  scattered  band  of  Echinocorys  (mostly 
broken),  reminding  one  of  the  similar  band  at  base  of 
Marsupites  band  at  Margate.  [M.t.] 

282  (400').  Roadside  section  overlooking  Dean  Bottom.  Flints 
abundant,  in  courses  and  scattered.     Micraster  numerous. 

[Ca.) 

282A  (500').     Newlands  House  pit.     One-third  mile  S.  of  No. 

282.     Chalk  very  white.  [C-su] 

283  (260').  In  Clandon  Park.  Two  very  large  old  pits.  Full 
of  trees. 

284  (400').     On  Merrow  Golf  Links.     Old  and  grassed  over. 
284A  (400').     Merrow    Downs  pit,   overlooking    Walnut    Tree 

Bottom,  not  marked  on  6-in.  map.  Small  and  disused^  but 
with  fair  exposure.  Chalk  rather  soft,  many  scattered  flints 
and  two  distinct  bands  6  in.  apart.  Micraster  practirsor  of 
C.t.  type  numerous,  but  mostly  crushed.  Dip  about 
5  degrees  N.  [C.t.] 

285  (230').  At  Pit  Farm.  Disused.  Now  a  fowl  run. 
28SA  (230').  At  Box  Grove  House.  Old,  full  of  trees. 
285B  (230').     At  Merrow  Grange.     Old,  full  of  trees. 

Sheet  32  N.W.  Chilworth  District. 

286  (360').  Albury  Downs  Pit  At  base  of  scarp  under  New- 
lands  Corner.  Base  is  of  massive  grey  chalk  with  band  of 
A,  plenus  marl  dipping  at  about  30^  N.  Above  this  is 
yellowish  nodular  chalk,  much  shattered,  with  R.  cuvieri- 
zone  fauna.  [H.s. :  R.C.] 

287  (400')-  Near  Whitelane  Cottage.  Very  hard  nodular 
chalk.  [R.C.] 

287A  (430').     Close  to   287.      Very  small  road  side  section. 

[T.g.] 

288  (320').     N.  of  Tytmg  Farm.    Small,  overgrown. 

289  (360').  Quarter  mile  W.  of  No.  288.  Deep  circular  pit, 
full  of  trees. 

290  (220').  One-sixth  mile  W.  of  Warren  Farm.  Close  to  the 
Lower  Greensand  of  the  Chantries.  A  long,  deep  narrow 
pit  showing  grey  chalk  dipping  at  high  angle.*    [A.v. :  H.s.] 

*  For  Not.  290, 29X,  aga,  394, 393  aee  also  tmU,  p.  174. 
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291  (300350').  "Chimney"  pit,  on  Pewsey  Hill,  Guildford. 
Large  pit  near  crest  of  scarp.  About  lo  ft.  from  top  is  a 
strong  orange  nodular  band.  About  half-way  up  is  a  hard 
band  with  many  Pblyzoa.  [H.p. :  C.t :  C.a.] 

Sheet  23  S.E.    Guildford,  North. 

292  (170').  In  York  Road,  near  London  Road  Station.  A 
large  disused  pit.  Chalk  white  and  soft  with  many  scattered 
flints.  Dip  about  10^  N.  Marsupites  common  and  mostly 
well  ornamented,  Actinocamax  granulaiuSy  Micrasier  rare. 

[M.t.] 

293  (130-190').  At  Guildford  Railway  Station.  Lower  part 
alone  accessible.  Chalk  white  with  many  regular  lines  of 
flints.     Dip  about  12^  N.  [C.a.] 

Sheet  31  N.E.  Guildford,  South. 

294  (240-320').  Echo  Pit,  on  Pewsey  Hill.  Large  picturesque 
pit.  Massive,  well  bedded  chalk  with  many  flint  courses  and 
a  few  feet  of  flintless  chalk  at  the  base.  Dip  very  gentle. 
Micraster  cor-boviSy  large  Terebratula  semiglobosa^  Cyphosoma 
radiatum^  etc.  [T.g.  :  H.p.] 

295  (200-300').  Williamson's  Quarry,  in  Quarry  Street.  A  huge 
excavation,  now  disused.  Chalk  very  hard.  Resembles  the 
preceding,  but  the  flint  courses  and  the  bedding  are  better 
seen.  Dip  about  8^.  Many  fossils  in  H.p.  zone ;  Holaster 
planus^  Micraster  cor-bavis^  M,  leskeiy  gibbous  form  Echino- 
corysy  Fentacrinus,  etc.  [T.g. :  H.p. :  ?  C.t.] 

295A  (170-250').  Rifle  Range  pit.  This  is  practically  a  con- 
tinuation of  the  previous  section,  but  contrasts  in  the  entire 
absence  of  flints,  except  at  top  of  north  end.  Upper  part 
marly  and  massive  with  few  fossils.  Lower  part  much 
shattered  by  bullets.     Dtscoidea  dixoni  on  fallen  block. 

[R.c.:T.g.:H.p.] 

296  (300').  Wilderness  Farm  pit.  Small,  chalk  white  and  soft, 
scattered  flints  abundant  with  two  ill-defined  bands.  Dip 
about  15°  N.  [U. :  M.t] 

297  (320').  Manor  Farm  pits.  Flints  numerous  and  a  thin 
tabular  band  which  is  much  shattered.  Well  sculptured 
Marsupites  plates  common,  [M.t] 

298  (320').  Down  Place  pit  Very  small.  On  same  horizon  as 
preceding. 

299  (360-400').  Artington  pit  Nearly  half-mile  S.  of  No.  296. 
On  south  flank  of  Hog's  Back  about  50  ft.  below  the  crest 
Chalk  hard,  white  and  massive.  I'lints  numerous,  in  bands 
and  scattered  nodules.     In  the  upper  part  a  thick  tabular 
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band  with  a  band  of  hard,  yellow,  nodular  chalk  above  it  (in 
which  Micraster  pracursor  of  C.t.  zone  type  is  common) 
apparently  marks  the  zonal  junction.  20  ft.  below  this  is  a 
marl  band.  [H.p. :  C.t] 

300  (300').  One-sixth  mile  W.  of  No.  299.  Very  old,  full  of 
trees. 

301  (330').  Cherry  pit  Very  old,  full  of  wild  cherry  trees,  but 
with  a  small  exposure  which  yielded  Giyphocyphus  radiatus. 
Chalk  hard  and  marly.  [?  T.g.] 

301A  (300')  Conduit  Farm  pit  Called  "  Old  Sandpit "  on  map. 
Very  small;    chalk  very  hard,   dark  coloured,    no  flints. 

[?  R.C.] 
200  yards  to  the  south  is  a  pit  in  the  Lower  Greensand 
(Folkestone  sands).  In  this  short  distance  there  is  not  room 
for  the  outcrop  of  the  whole  of  the  Gault,  Upper  Greensand, 
and  Lower  Chalk,  and  probably  part  of  the  zone  of 
R,  cuvieri  also.  Some  of  the  beds  are  evidently  cut  out  by 
the  Chantries  strike-fault,   which  has   not  yet  died  away. 

302  (325').  Down  Lane  pit  At  foot  of  scarp.  Worked  in 
patches.  S.  end  shows  typical  grey  chalk,  and  the  N.  end 
hard  white  chalk  with  R,  cuvieri.  A,  pUnus  marl  not  seen. 
A  little  to  the  S.  is  the  artistic  pottery  (Gault)  established  by 
the  late  G.  F.  Watts,  R.A.  [H.s. :  R.C.J 


Sheet  31  N.W.    Wanborough  and  Puttenham. 

303  (330').  At  Chalkpit  Farm.  Very  large  old  pit,  much  over- 
grown and  badly  weathered.     Talus  yielded  Uintacrinus^  &c. 

[u.] 

304  (330')-  One-third  mile  W.  of  preceding.  Deep  circular  pit 
full  of  trees  ;  no  exposure. 

305  (310-340').  At  East  Flexford.  A  very  long,  narrow  and 
deep  pit,  mostly  overgrown.  Dirty  exposure  at  east  end. 
Chalk  white  and  soft  with  numerous  flints.  Dip  about 
15  degrees  N.  [M.t] 

306  (340').  Quarter  mile  E.  of  Wanborough  Church.  Very  old. 
A  large  and  deep  excavation  now  full  of  trees. 

307  (310').  Close  to  Wanborough  Church.  Very  small;  rather 
rubbly  soft  chalk.  [M.t] 

308  (350-380').  Wanborough  South  pit.  One-third  mile  S.  of 
No.  307.  Chalk  white,  hard  and  tough,  fossils  few,  flints 
abundant  mostly  in  bands.     Dip  about  25®  N.  [Ca.] 

309  (450').  Puttenham  Upper  pit  On  crest  of  Hog's  Back. 
Small,  mostly  grassed  over,  but  one  small  exposure  yielded 
typical  fossils  of  the  zone,  including  a  Trochus.  [^.p.] 

309A  (450').  Quarter  mile  E.  of  preceding.  A  long,  narrow 
trench,  full  of  trees. 
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310  (390').  Puttenham  West  pit,  not  visited,  classed  by  Survey 
as  Upper  Greensand,  Cret  Mem.y  vol.  i,  p.  102. 

311  (380-400').  Puttenham  East  pit.  Large  pit,  but  little 
worked.     Massive  grey  chalk  with  Marcasite  nodules.   [H.s.] 

312  (360-480').  Monkshatch.  A  very  large  pit  in  private 
grounds,  now  disused.  A  series  of  detached  exposures 
affords  a  fairly  continuous  section.  (See  Cret.  Mem.y  vol. 
iii,  p.  176.)  In  the  upper  part  the  yellow  nodular  band 
at  base  of  C.t.  zone  seen  in  No.  299  is  also  found  here 
(and  in  the  next  pit),  but  the  band  of  tabular  flint  below  it 
is  much  thinner.     Dip  about  25®  N.         [T.g. :  H.p.  :  C.t.] 

31 2A  (400-480').  Mrs.  Sturgess's  pit.  A  long,  narrow  and  deep 
trench  just  W.  of  the  preceding,  and  showing  similar  section 
to  its  upper  part.  [H.p. :  C.t.] 

313  (450-475').  Pitfield  House  pit.  Close  to  crest  of  Hog's 
Back.     Small  and  much  overgrown.  [H.p.] 

314  (420-450').  Inwoodbarn  pit.  Moderate  size,  chalk  hard» 
with  many  flints  in  bands,  fossils  few.     Dip  about  50^  N. 

[C.a.] 

315  (330').  Shoelands  pit.  Small  and  much  overgrown.  No 
fossils.     See  Cret,  Mem.y  vol.  i,  p.  102. 

315A  (380').  Small  roadside  section  50  ft.  above  preceding. 
Massive  grey  chalk  with  Marcasite  nodules.'  [H.s.] 
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316  (400-440').  White  Lane  pit.  Very  large,  but  little  used. 
Chalk  white  and  hard,  with  many  flint  courses.  Fossils 
few,  probably  in  the  barren  lower  third  of  zone.  Dip 
60^  N.  [C.a.J 

317  (350-420').  Seale  Lime  Works,  in  Wood  Lane.  See  Cret. 
Mem.y  vol.  ii,  p.  55.  Near  to  the  preceding,  but  on 
opposite  (S.)  side  of  Hog's  Back.  Very  large.  Lower 
part  massive  grey  chalk  with  4  to  5  ft.  of  A,  plenus  marl  at 
top,  succeeded  by  rough  blocky  nodular  chalk,  containing 
Discoidea  dixoni^  /.  mytiloides^  &c.  Dip  60^  N.  curving  to 
70^  at  the  top.  [H.s. :  R.c.  :  ?T.g.] 

318  (380'). 

319  (360'). 

320  (390').  Near  Poyle  Hill  House.  Deep,  bowl-shaped  pit, 
full  of  trees. 

321  (360').    Victory  North  pit. .  A  long,  deep  pit,  full  of  trees, 

322  (280-370').       The    Victory  pits.      These    two    pits    form 

323  practically  one  large  pit,  as  they  are  separated  merely  by  a 
roadway  which  runs  along  the  junction  of  the  Middle  and 
Lower  Chalk.  A,  plenus  has  been  found  here,  and  the  marl- 
band  can  be  seen  in  places  at  the  top  of  the  lower  pit. 
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No. 

The  upper  is  the  older  and  larger,  but  the  lower  is  the 
one  principally  worked  now  (see  Cret,  Mem,^  vol.  ii,  pp.  55, 
386,  388,  and  vol.  iii,  p.  176.)  [H.s. :  Re.  :  T.g. :  H.p.] 

324  (340').  Tongham  Lane  pit.  On  crest  of  Hog's  Back  at 
comer  of  lane  leading  to  Tongham.  A  long  narrow  pit 
running  across  the  strike.  Chalk  much  disturbed;  dip 
increases  from  about  45*^  at  N.  end  to  nearly  vertical  at  S. 
end.     Fossils  mostly  broken.  [C.t. :  C.a.] 

324A  (330').    A  few  yards  S.   of  No.   324.      Overgrown,   no 

exposure. 
324B  (270').     Near  Grange  Farm,  Tongham.      A  small  exposure 

in  an  old  pit,  several  plates  of  Marsupites  found.  [M.t] 

325  (300').  This  is  the  N.E.  pit  of  a  group  of  four  shallow  pits 
at  western  end  of  the  Hog*s  Back.  Very  hard,  dull,  white 
chalk,  with  numerous  flints,  many  of  which  are  shattered. 
High  dip.     The  other  three  pits  are  now  overgrown.   [H.p.] 

326  (280').  Badshot  Farm,  North  pit.  Large,  old  pit,  much 
overgrown.  Chalk  very  white,  flints  numerous,  fossils 
scarce.     Dip  about  40**  N.  [?  C.t :  Ca.] 

327  (270'),  Badshot  Farm,  South  pit.  For  full  description  see 
p.  434.  [A.v.  :  H.S.— T.g. :  ?  H.p.] 

Sheet  30  N.W.    Farnham. 

328  (280').  Trimmer's  Hospital  pit.  A  long  trench-like  pit, 
under  fence  of  Farnham  Park.  Greyish,  flintless  chalk, 
darker  when  wet.  [H.s.] 

328A  (300').  On  N.  flank  of  strike  valley  in  Farnham  Park, 
grassed  over. 

329  (300').  Hop  Field  pit,  Farnham.  Quarter  mile  W.  of 
Castle.  Very  small.  Chalk  marl,  very  dark  when  wet 
several  typical  fossils  found.  [A. v.] 

329A  (320-370').  In  face  of  scarp,  200  yards  N.W.  of  the 
preceding.     Large,  but  old,  and  full  of  trees. 

330  (310').  Claypit  Gully  pit  At  lower  end  of  Gully,  near 
Crondall  Lane.  Small.  Creamy  flintless  chalk  with  marly 
bands  at  S.  end,  but  whiter  with  a  few  scattered  flints  at 
N.  end.      Dip  about  45^     Fossils  few.  [T.g. :  ?  H.p.] 

331  (310')  Lower  Old  Park  Gully  pit,  half  mile  W.  of  No.  331, 
which  it  much  resembles.  [Tg.] 

Two  other  pits  near  Dippenhall,  marked  on  6-in.  map 

as  "  Old  Quarry  "  and  "  Chalk  Quarries  "  respectively,  are 

both  in  Upper  Greensand.     The  latter  is  described  in  Cret 

Suro,  Mem.^  vol.  i,  p.  109. 

Total  number  of  sections  in  each  zone :  A.v.  4 ;  H.s.    18  ; 

JR.C.  14  ]  T.g.  17 ;  H.p.  20 ;  C.t  9 ;  C.a.  20 ;  M.  18. 
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LIST  OF  FOSSILS  FROM  THE  CHALK  OF  SURREY. 

In  compiling  the  following  list  of  fossils  I  have  attempted  to 
indicate  the  relative  abundance  of  the  species  in  the  various 
zones,  but  further  search  may  possibly  modify  some  of  the  pro- 
proportions  given. 

No  species  is  recorded  on  the  evidence  of  bought  specimens 
alone,  every  one  mentioned  having  been  found  either  by  myself 
or  by  Messrs.  Johnson  and  Wright  in  my  presence.  This 
accounts  for  the  paucity  of  the  list  in  certain  groups  which  are 
more  frequently  found  by  the  quarryman  than  by  the  geologist 
himself.  It  is  sometimes  asserted  that  chalk  fossils  are  not  easily 
found  by  the  amateur,  but,  in  my  experience,  given  a  moderate 
amount  of  perseverance,  a  fair  list  can  usually  be  made  without 
much  difficulty. 

The  list  is  poor  in  sponges,  which,  although  not  uncommon, 
are  generally  badly  preserved;  but  most  of  the  species  of 
Porosphara  can  be  found  with  a  little  patience. 

Echinoderms  are  very  abundant.  I  have  not  attempted  to 
identify  the  Asteroidea,  of  which  only  isolated  ossicles  were 
found,  but  happily  Mr.  Spencer's  recent  work  on  this  group  will 
render  this  task  more  easy  in  the  future.  The  Echinoidea  afford 
some  of  the  most  reliable  zonal  guides  for  the  shape  variations  of 
Echinocorys^  and  the  details  of  ornament  in  Micraster  hold  good 
in  a  remarkable  way.  The  tumid  variety  of  Conulus  albogaUrus  is 
rather  common  at  the  top  of  the  C.a.  zone. 

Thanks  to  the  kindness  of  Mr.  Lang,  I  am  able  to  give  a  long 
list  of  Cyclostomatous  Polyzoa,  but  a  quantity  of  the  Cheilosto- 
matous  group  is  still  awaiting  examination.  The  Brachiopoda 
are  rich  in  individuals  though  not  in  species,  but  Tcrebratulina 
Rowei  is  decidedly  rare,  while  T,  striata  ranges  from  top  to 
bottom. 

Lamellibranchs  are  very  widely  spread  and  plentiful.  Ostrcea 
and  Inoceramus  were  usually  found  as  fragments  only,  and 
specific  determination  is  difficult.  Gasteropods  and  Cephalopods 
are  rather  rare,  but  further  search  in  the  lower  zones  would  pro- 
bably yield  additional  species  of  Ammonites. 

Sharks*  teeth  do  not  often  fall  to  the  share  of  the  searcher, 
although  so  frequently  found  by  the  quarryman,  whose  eye  is 
caught  by  their  conspicuous  form  and  colour,  and  the  list  of  this 
group  is  meagre.  Fish  scales  are  often  met  with,  but  they  occur 
mostly  as  the  lining  of  the  worm  tubes  of  Terebelia  iewesiensis. 
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C  a::  common  ;  x  =  moderately  common  ;  Ranre. 
Zonal  abbreviations  as  given  on  p.  441. 


Placopsilina  cenomanai  ttOrb,   ... 

Cliona  cretacea,  Fori 

Doryderma  ramosum,  Mant, 
Pharetospongia  strahani.  SoUas..» 
Plinthosella  squamosa,  ZitL 
Porosphocra  arrccta,  Ilinde 
„  globularis,  Phil. 

„  nuciformis,  von  Hag. 

„  patelliformis,  Hindi 

,,  pUeolus,  Lam. 

Siphonia  Kttnigi,  Mant 

Ventriculites  imprcssus,  T,  Smith 
,,  radiatus,  iiant, 

Hydrozoa 

Parasmilia  centralis,  Afant. 

Spinopora  dixoni,  Londs 

Sjrnhelia  sharpcana,  £,  6r  H,    ... 

Asteroidea 

Bourgueiicrinusi  sp 

„  nipple-head      ... 

Cardiastcr  pygmaeus,  Forbes 
Cidaris  Bowerbanki,  Forbts 

„      clavigcra,  Aflai/]f 

„      dissimilis, /br^w 

„      hirudo,  Sorig.       

„      peromata,  Forbes 

„      sceptrifera,  hfant, 

„      scrrifera,  Forbes 

„      subvesiculosa,  d'Orb, 
Conulus  albo-galerus,  Ltshg. 
,,  „       tumid  form 

,,       8ub-rotundus,  Mant,     ... 
Cyphosoma  corallare,  Kiein 
,,  kUnigi,  Mant, 

,,  rauiatum,  Sorig, 

Discoidea  cylindrica,  Lam. 

„        dixoni,  Forbes 

Echinoconus  (see  Conulus^ 
Ecbinocorys  scutatus,  Leskg  (gibbous) 

(large  dome) 


A.  v.//.  s.  JS.  c. 


„  (sub-pyramidal) 
„    (tall  dome) ... 


Epiaster  gibbus,  Zam 

Glyphocyphus  radiatus,  Hctn,    . 

Hemiaster  minimus,  Ag. ... 

Holaster  placenta,  Ag.    ... 

,,        planus,  Mant 

„        subglobosus,  Lisk4 
,,        trecensis,  Z^m 

Infulaster  concentricus,  Rose 

Marsupites  testudinarius,  Schloth 

Micraster  cor-anguinum,  Klein  . 
„         var.  r OS  trains  ... 


T.g. 


R. 


K. 


K. 


R. 


H.p. 


C.   t. 


C.  a.  M.  /. 


X 
X 
R. 

X 
X 


X 
X 


c. 


c. 


X 

X 

c. 
c. 

X 
X 
X 


X 

X 

R. 

c. 
c. 


c. 

X 

c. 


c. 
c. 


R. 
X 


R. 
C. 


X 

X 

c. 

R. 
C. 
C. 
X 

c. 

X 
X 

X 
X 


c. 

X 
X 

R. 
X 

c. 


c. 
c. 


c. 

X 

R. 
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A,  v}H.  s. 


R,  c.T.  g.H.p. 


C.   /.  C.  tf.  M,  U 


Micraster  var.  latior        

„        cor-bovis,  Forbts        

„        Leskei,  Desm 

„        prsecursor  Rowt  M.c^-.  type 
,.  i»  „     M.c.-t.  type 

.,  „  „     var.  cor-tcstu- 

dinarium,  Geld/. 
„    H.p.type     ... 

Metopaster  

Pentacrinus  

Pseudodiadema,  sp,         

Salenia  geometrica,  Ag» 

UintacrinuSf  Schliit 

Serpula  ampullacea,  Sow.  

„      fluctuataf  S.  Woodw,      

„      eordialis,  Sow 

„      nium,  Sow,      ' 

If      macropus,  Sow, 

„      plana,  S,  Woodw,  

„      plexus,  Sow 

„      tttrbinella.  Sow 

Terebella  lewesiensis,  Davits      

Pol^zoa      

Actinopora  complanata,  Rerm 

„  6\%t\QhsL^  von  Hag,     ... 

Alecto  ramea  (see  Stomatopora  granu- 

lata) 

Berenicea  gracilis,  Edw. , 

„        papillosa,  /^euss , 

„        phlyctaenosa,  Reuss. , 

„        regularis,  d  Orb 

„  „        var.  gamblei 

II        ^ 

Clausa  globulosa,  d*Orb 

Cribrillina 

Cryptoglena  gamblei,  Greg.       

Desmeopora  pinnigera,  Gng,     

Eschara,  ^.  

Homolostega,  sp 

Homoeosolen,  sp 

Idmonea  alipes,  Greg.      

„        crista ta,  Meun.  and  Perg. 

Meliceritites,  sp 

Membranipora,  5/.  

Proboscina  anomala,  ^/KJi 

,,         cornucopiae,  d'Orb. 

„         crassa,  Kdm.^  var.  alectodes.. 

,y         crassa,  ^^m.  var.  franconixn... 

„  dilatata,  d'Orb. 

„         elevata,  d*Orb. 

„  fasciculata,  Reuss.     .. 

„  radiolitoruin,  d*Orb. .. 

„         ramosa,  ^((/w 

Re]>tomtiIti8parsa  rowei,  Greg.  .. 
Reticrisina  obliqua,  d^Orb, 
Stomatopora  gracilis,  Edw, 


X 
X 
X 
X 
X 
X 


X 
X 


X 
X 
X 
X 

X 
X 


X 
X 
X 
X 
X 
X 
X 

X 
X 


X 
X 


R. 


X 
X 

X 
X 
X 
X 
X 
X 
X 


X 
X 


R. 

c. 


X 
X 
X 


X 
X 

X 


X 
X 

X 
X 
X 
X 


X 
X 


Proc,  Geol.  Assoc,  Vol.  XX,  Part  6,  1908.] 


3a 


454 


GEORGE  WILLIAM  YOUNG   ON 


A.v. 

H.  s. 

R.  Jr.  g. 

.... 

c. 

Co. 

M.  U 

Stomatopora  granulata,  Edw 

If              SVt    «««          •••          ■•■          ■•» 

„           spicea,  Greg.         

Crania  egnabergensis,  RttM 

Kingena  lima,  Defr 

Rhynchonella  cuvicri,  <JtOrh 

„           limbata,  Schloth 

1,           mantellianai  Sow. 

,,           martini,  Mant,     

„           plicatilis,  Sow*     

„                 „         var.   ocioplicata 
„                 „         var.  woodwardi 

„           reedensis,  ^'M 

Terebratula  carnea,  Sow 

II         ovata,  S4fWt    ...         ...         ... 

,1         semiglobosai  Sow 

II         squamosa,  Mant,       

Terebratulina  gracilisi  Sckloth 

1,           roweii  Kitchin       

„           striata,  Wahl,      

Thecidium  wctherelUi  Morris     

Pollicipcs,  3^ 

Scalpellum  maximum,  Sow 

Caprotina,  J/ 

Inoceramus  latus,  Gold/uss        

,1         mytiloidesi  Mant. 

i»         sp 

Janinii  see  Pecten  (Neithea)     

Lima  globosa,  Sow.         

1,    hopcri,  &w.            

Ostrsea  hippopodium,  Nilss,       

„      lateralisi  Sow 

1,      semiplanai  A/<2»/ 

„      ip 

1,      vesicularis,  Lam.           

II      wegmanniana,  iCOrb 

Pecten  cretosus,  Dt/r 

II      (Neithea)  quinquecostatus,  Sow. 

II       orbiculariSi  Sow 

Pholadomya  decussatai  Phil,     

Plicatula  barroisi,  Ptron             

,1        inflata,  Aw 

sigillina,  S.  P.  Wdw 

Septifer  lineatus.  Sow 

Spondylus  dutempleanus,  (/"Or^ 

,1         latus,  Sow 

1,         spinosuS|  Sow 

Pleurotomaria,  sp.           

Trochusij;^ 

Actinocamax  granulatus,  Blainv. 

II           plenusi  Blainv,     

„           verusi  Miller          

Ammonites  (Acanthoceras)  navicularis, 

Mant 

Ammonites  (Acanthoceras)  rotomagensis, 
Difr 

X 

X 
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X 
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... 
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R. 
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A.v, 


ff,  s. 


R,  c. 


T,g. 


H,p, 


C.  i. 


C.  a. 


M,t, 


Ammonites    (Pachydiscus)    peramplus, 

Mant. 

Ammonites     (Schloenbachia)     varians, 

Sow,   .••         •••         •••         ... 

Hamites  armatus,  Mant. 

Crioceras  ellipticum,  Mant, 
Nautilus  deslonfi|;champsianus,  <VOrb. 

Scaphites  aequalis,  Sow 

Turrilites  scheuchzerianus,  Bosc, 

Corax  falcatus,  Ag,         

Enchodus,  ^ 

Lamna  appendiculata,  Ag, 

Oxyrhina  mantelli,  Ag, 

Ptycbodus  decurrens,  Ag, 

f,         mammillaris,  Ag, 

>«         polygyrus,  ^r. 


R. 
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ORDINARY     MEETING. 

Friday,  March  6th,  1908. 

Prof.  W.  W.  Watts,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association: 
Christopher  James  Alexander,  Mrs.  H.  Hendriks,  Norman 
McCracken,  Frederick  Richard  Lanfear  Miller,  Herbert  David 
Schloss,  Ivan  J.  Thatcher,  A.M.I.C.E. 

The  following  lecture  was  then  delivered:  "The  After- 
history  of  the  West  Indian  Eruptions  of  1902,"  by  Tempest 
Anderson,  M.D.,  D.Sc.,  F.G.S.  The  lecture  was  copiously 
illustrated  with  lantern  slides,  showing  the  enoimous  amount  of 
denudation  that  had  taken  place  in  a  very  short  period. 

On  this  occasion  the  Association  was  joined  by  the 
University  College  Old  Students'  Association,  of  which  the 
lecturer  was  President. 

Prof.  Watts  proposed  a  hearty  vote  of  thanks  to  Dr.  Tempest 
Anderson.  This  was  seconded  by  the  Provost  of  University 
College  and  carried  unanimously.  In  the  course  of  his  remarks 
the  Provost  said  he  would  take  the  opportunity  of  thanking  the 
Geologists'  Association  for  their  valuable  gift  of  the  library 
which  had  recently  been  presented  to  the  College.  He  assured 
those  present  of  the  gratification  of  the  College  Authorities  at 
the  cordial  relations  so  long  subsisting  between  the  two  bodies, 
and  said  that  if  at  any  time  the  members  of  the  Association  felt 
that  some  change  in  the  details  of  arrangements  was  desirable 
he  hoped  they  would  not  suffer  in  silence. 

The  President  offered  the  thanks  of  the  Association  to  the  Old 
Students'  Association  for  their  hospitality  and  for  the  entertain- 
ment which  was  to  follow  the  lecture.  He  also  took  the  oppor- 
tunity of  the  presence  of  the  Provost  of  University  College 
to  thank  the  University  Authorities  for  the  uniform  courtesy  and 
consideration  which  the  Association  had  always  met  with  at 
their  hands. 

The  members  then  adjourned  to  the  refectory,  where  they 
were  entertained  by  the  University  College  Old  Students'  Asso- 
ciation, who  also  afterwards  provided  an  excellent  musical  pro- 
gramme in  the  Mocatta  Library. 
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ORDINARY    MEETING. 

FjuDAY,  April  3RD,  1908. 

Prof.  W.  W.  Watts,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association :  J. 
A.  Bullbrook,  Miss  K.  N.  Fitzsimmons,  Miss  Edith  Goodyear, 
Frederick  Henry  Hatch,  Ph.D.,  M.I.C.E.,  F.G.S. ;  Miss  F.  J. 
Relf,  B.Sc. ;  John  Vick  Thomas,  A.M.I.M.E. 

The  follou'ing  lecture  was  delivered:  "Coral  Islands  in  the 
Light  c^  Modem  Investigations,"  by  C.  Gilbert  Cullis,  D.Sc, 
F.G.S.  The  lecture  was  illustrated  by  lantern  views.  A  vote  of 
thanks  was  moved  by  the  President  and  seconded  by  Dr.  Teall, 
who  showed  slides  of  Clipperton  atoll  and  gave  an  explanation 
of  them. 

In  illustration  of  the  Easter  excursion  two  series  of  fossils  from 
the  Paris  Basin  were  shown  by  Messrs.  J.  Francis  and  T.  W. 
Reader. 


ORDINARY   MEETING. 

Friday,  May  ist,  1908. 

Prof.  W.  W.  Watts,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
James  Byrne,  Arthur  H.  Gehrke,  F.R.G.S.,  Edward  Alfred 
Martin,  F.G.S.,  F.  Edward  Norris. 

The  following  paper  was  then  read :  "  Structural  Analogies 
between  Alloys  and  Igneous  Rocks,"  by  William  George 
Fearnsides,  M.A.,  F.G.S.  The  lecture  was  illustrated  with 
lantern  slides.  A  short  discussion  ensued,  in  which  Messrs. 
Whitaker,  Elsden,  Tinker,  and  the  President  took  part 
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EXCURSION    TO    DARTFORD    AND    STONE. 

Saturday,  February  29TH,  1908. 

Directors :  E.  C.  Youens  and  S.  Priest,  F.G.S. 

Excursion  Secretary  :  A.  C.  Young. 

(Rip&rt  by  THE  DIRECTORS  ) 

A  PARTY  of  38  assembled  at  Dartford  Station  at  2.45  p.m^  where 
they  were  met  by  Mr.  Youens  and  proceeded  by  tram  to  Stone, 
whence  a  short  walk  brought  them  to  the  Stone  Court  Chalk  Pit. 

Mr.  Youens  said : 

"One  of  the  most  perplexing  problems  encountered  by 
students  in  archseology  is  that  of  the  origin  and  purpose  of  those 
ancient  caverns  in  the  chalk  commonly  called  dene-holes.  These 
relics  abound  in  this  neighbourhood,  and  the  position  of  ninety- 
seven  is  indicated  on  the  6  in.  Ordnance  map  Kent  Sheet  ix.  It 
will  be  noticed  how  thickly  they  are  clustered  in  Stankey  Wood, 
near  Dartford,  but  a  still  more  numerous  assemblage  exists  in 
Cavey  Spring  Wood  (which  is  partly  outside  the  range  of  the 
map),  making  the  total  number  for  this  district,  within  a  range  of 
6  by  4  miles,  about  200.  Very  few  of  them  have  been  explored, 
owing  to  the  difficulty  of  drawing  the  d^nis  up  the  generally  deep 
and  narrow  shaft,  and  when  this  has  been  done  the  relics 
discovered  have  usually  been  the  bones  of  unfortunate  animals 
that  have  fallen  down  the  shaft,  and  must  have  suffered  a 
lingering  death  from  thirst  and  starvation. 

"In  the  dene-holes  explored  by  the  Essex  Field  Club  at 
Hangman's  Wood,  Grays  Thurrock,  were  found  the  bones  of 
human  beings,  the  horse,  ox,  sheep,  pig,  goat,  dog,  fox,  cat, 
badger,  pole-cat,  stoat,  weasel,  rabbit,  hare,  rat,  and  other 
species. 

"Mr.  F.  C.  J.  Spurrell,  in  describing  two  of  these  pits 
(revealed  in  a  similar  manner  to  that  we  are  now  inspecting)  in 
the  chalk  pit  at  Crayford,  stated — 'They  were  filled  in  with 
rubbish.  One  of  them  (the  eastern)  measured  from  the  surface 
to  the  chalk  18  ft.,  thence  to  the  floor  17  ft.  6  in.  The  floor  was 
of  flint,  from  6  in.  to  9  in.  thick,  which  had  been  taken  up,  and 
piled  in  a  heap  at  the  side  of  the  chamber.  No  tool  marks  of 
metal  were  found  on  the  walls.  From  the  floor  rose  an  obtuse 
cone  of  sandy  clay,  washed  in  very  slowly  by  the  rain. 
Flakes,  scrapers,  &c.,  of  the  Neolithic  Stone  Age,  were  found  in 
this  clay ;  then  a  layer  of  Roman  and  Romano-British  pottery ; 
then  bones  and  rubbish  to  the  top.  If  we  remember  the 
time    which    has    passed    since    the    deposit    of   the    Roman 
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remains,  we  can  estimate  that  which  passed  previously  to  the 
time  when  the  soil  began  to  wash  into  it  after  its  abandon- 
ment.' 

**The  general  characteristic  of  dene-holes  is  a  perfectly- 
straight  shaft,  passing  through  the  soil  until  the  chalk  is  reached, 
which  sometimes  occurs  at  a  depth  of  12  ft  or  less  (as  is  the  case 
with  the  example  we  are  now  inspecting);  in  other  places  the 
chalk  is  at  a  much  lower  level,  as  at  Abbey  Wood,  where  the 
shafts  are  50  ft.,  and  at  Eltham  120  ft.  They  are  generally  (when 
perfect)  about  2  ft.  or  3  ft.  in  diameter,  and  many  have  foot-holds 
to  aid  the  users  in  ascending  and  descending.  In  others  may  be 
seen  the  scoring  in  the  sides  caused  by  a  rope,  used  probably  for 
the  same  purpose,  or  for  extracting  the  chalk.  Sometimes  the 
shaft  was  protected  at  the  upper  part  by  *steining'  with  flints  to 
prevent  the  sand  and  gravel  falling.  I  am  able  to  show  you  an 
enlarged  photograph  of  an  example  of  this,  discovered  adjacent 
to  Heath-lane,  near  the  east  side  of  Dartford-Heath,  in  1896. 
This  shaft  was  quite  choked  up,  and  had  not  been  explored. 

"  The  shaft  usually  gives  access  to  more  or  less  symmetrically 
excavated  chambers  in  the  chalk.  In  Kent,  examples  occur  with 
one,  two,  three,  and  (as  is  the  case  here)  six  chambers.  Two 
good  examples  of  the  single  trefoil  plan  dene-hole  existed  in  Shep- 
herd's-lane,  Dartford.  In  one  of  them  the  rough  sides  of  the  three 
caves  were  covered  all  over  with  the  marks  of  a  pointed 
implement,  like  a  pick.  The  depth  from  the  surface  to  the  floor 
of  the  caves  was  38  ft.     Both  are  now  filled  up. 

"  Most  of  the  dene-holes  in  Grays  Thurrock  had  six  chambers, 
arranged  in  double  trefoil  plan.  It  is  important  to  note  that, 
although  the  shafts  are  so  thickly  clustered  together,  both  at 
Grays  and  Cavey  Spring  and  Stankey  Woods,  there  is  no  com- 
munication between  the  caves  under-ground,  and  this  fact,  I 
think,  furnishes  us  with  a  strong  argument  against  the  theory 
that  they  were  dug  merely  for  the  sake  of  the  chalk.  And  why 
did  they  labour  at  so  many  shafts,  when  one  or  two  would  have 
sufficed?  Again,  why  dig  down  50ft.  or  100 ft.  for  chalk,  when 
it  could  be  got  almost  on  the  surface  a  short  distance  away  ? 

"With  some  diffidence,  I  venture  to  express  the  opinion  that 
these  workings  are  pre-Roman,  since  several  instances  are  recorded 
of  dene-holes  having  been  utilized  by  that  people  as  rubbish  pits. 
Again,  this  field  was  used  as  a  cemetery  in  Roman  times,  and 
skeletons,  with  various  fictile  vessels,  have  been  found  there,  close 
by  the  spot  where  the  shaft  of  the  dene-hole  came  to  the 
surface.  I  think  it  must  have  become  filled  up  before  their 
time,  or  they  would  not  have  selected  that  as  a  burial-place. 
Owing  to  the  kindness  of  J.  J.  Hewitt,  Esq.,  J.P.,  the  Roman 
vessels  found  are  now  preserved  in  the  Dartford  Museum. 

"The  work  of  excavating  the  fallen  soil  and  debris  in  the 
Stone    Court    dene-hole    was   commenced    on    Tuesday,  25th 
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February,  when  the  north  chamber  was  cleared,  and  a  photo- 
graph taken  of  the  section  exposed  on  the  left  of  the  shaft 
looking  south.  The  chalk  floor  of  this  chamber  was  level  and 
smooth.  It  is  13  ft.  6  in.  long  by  8  ft  wide,  and  17  ft.  9  in. 
from  floor  to  apex  of  roof.  In  it  were  found  several  bones 
and  snail  shells. 

"Four  other  chambers  were  cleared  on  the  following  days 
so  that  only  one  remained  filled  with  debris  at  the  time  of  the 
Association's  visit  on  the  29th  February.  A  small  piece  of  tile, 
probably  Roman,  was  found  about  i  ft.  above  the  floor,  and 
a  number  of  bones  on  the  floor  shelf.  The  greater  number 
of  these  bones  are  the  remains  of  several  dogs ;  but  there  are  a 
few  bones  of  ox,  sheep,  horse,  and  hare. 

"In  conclusion,  I  eagerly  seize  this  opportunity  of 
expressing  our  great  indebtedness  to  the  Stone  Court  Quarry 
Co.  and  J.  J.  Hewitt,  Esq.,  J.P.,  C.C.,  for  their  kindness  in 
allowing  us  such  unique  facilities  for  inspecting  this  interesting 
relic  of  bygone  ages.  I  should  also  like  to  acknowledge  the 
personal  kindness  of  Mr.  H.  Coulter  (the  foreman),  and  also 
the  intelligent  interest  taken  in  the  work  by  the  men — ^John 
Dooney,  Albert  Hibben,  and  W.  Burgess,  who  gave  every 
assistance  in  preserving  the  relics."  * 

After  an  hour  spent  in  the  dene-hole,  discussing  the  probable 
age  and  use  of  these  excavations,  the  party  had  a  pleasant  walk 
of  half  a  mile  or  so  to  the  village  of  Stone,  where,  in  the  school- 
room, Mr.  S.  Priest  had  set  out  for  inspection  a  large  series  of 
fossils  collected  by  himself  in  different  parts  of  England.  Among 
the  more  particularly  interesting  of  these  were  a  series  of  ironstone 
nodules  from  Staffordshire  containing  not  only  well  preserved 
fern  fronds,  but  also  a  number  of  arachnids  and  Crustacea. 
There  were  likewise  some  good  trilobites  and  other  fossils  from 
the  Wenlock  linjestone  of  Dudley,  good  examples  of  which  are  so 
rarely  collected  nowadays.  Oolitic  and  cretaceous  fossils  were 
also  included  as  well  as  some  good  examples  of  flint  implements 
recently    obtained  from  Swanscombe. 

After  a  visit  to  the  remarkable  Church  at  Stone, 
the  interior  of  which  reminds  one  of  Westminster  Abbey, 
the  party  returned  by  special  electric  car  to  the  Dartford 
Technical  Institute,  where  a  Museum  is  just  being  formed. 
Mr.  E.  C.  Youens,  who  is  the  moving  spirit  of  the  enter- 
prise, explained  what  was  being  done,  and  showed  some  of 
the  specimens  already  brought  together.  There  are  some 
interesting  Roman  remains  of  local  interest ;  a  large  number  of 
pebbles  from  the  Dartford  gravels,  collected  by  Mr.  Ralph  Youens, 
includes  an  unusually  varied  series  of  quartzites,  radiolarian  and 

*  NoTE.~Prom  a  dene-bole  in  Darrenth  Woods,  explored  by  Mr.  Prieat  since  tbe 
Excursion,  Mr.  E.  T.  Newton  bas  identified  many  bones  of  several  does,  also  fox. 
badger,  hare,  rabbit,  sheep,  rook  (or  crow),  and  water- wagtail.  There  is  lilcewise  one 
human  finger  bone. 
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Hhaxella  cherts,  also  chert  of  Carboniferous  age  and  some  rolled 
specimens  of  Gfyphaa  (Jurassic),  and  many  other  rocks ;  some 
fine  Palseolithic  implements,  together  with  mammoth  and  other 
mammalian  teeth  and  bones,  had  been  found  only  a  few  days 
before  the  visit  of  the  Association ;  and  an  ammonite  preserved 
in  flint,  which  had  been  found  in  West  Hill  Chalk  Pit,  Dartford. 

A  hearty  tea  was  enjoyed  at  the  "North  Pole"  restaurant, 
after  which  votes  of  thanks  were  passed  to  the  directors,  Mr.  E. 
C.  Youens  and  Mr.  S.  Priest.  There  being  time  to  spare,  the 
discussion  on  the  "  Dene-holes  "  was  resumed. 

Mr.  W.  Johnson,  F.G.S.,  said,  whilst  inclining  to  the  belief 
that  the  dene-holes  were  dug  primarily  to  obtain  chalk,  he  felt 
that  there  were  several  strong  points  in  favour  of  the  granary 
theory,  and  that  underground  storage  may  have  been  a  secondary 
purpose.  Frequently,  the  dene-holes  were  grouped  in  woods,  and 
it  must  be  remembered  that  Caesar  described  a  British  fort  as  a 
wood  surrounded  by  a  ditch.  Some  of  these  dene-hole  copses  may 
be  representatives  of  primeval  woodlands.  Moreover,  apart  from 
the  statements  of  Diodorus  Siculus  with  reference  to  subterranean 
storage  of  corn  in  Britain,  we  had  the  fact  that  such  a  method 
of  preserving  corn  had  been  common  at  various  times  in  many 
widely-separated  countries.  In  addition,  analogous  structures, 
though  much  smaller,  had  been  discovered  in  the  Isle  of 
Portland  and  elsewhere. 

Nevertheless,  other  considerations  must  be  faced.  There  is 
the  direct  assertion  of  Pliny  that  the  Britons  of  his  day  marled 
their  land  with  chalk.  Pliny's  description  of  the  "  wells "  from 
which  chalk  was  dug  corresponded  more  closely  with  the  known 
features  of  dene-holes  than  the  granary  advocates  will  admit. 
That  chalk  was  an  article  of  exporr,  apparently  in  the  "  Romano- 
British"  period,  was  proved  by  the  discovery,  in  1646,  of  votive 
altars  to  Nehallenia,  set  up  on  the  coast  of  Zealand,  in  the 
Netherlands,  by  one  Silvanus,  a  British  chalk  merchant. 

Indeed  the  whole  history  of  the  use  of  chalk  as  a  dressing  for 
fields,  besides  being  most  interesting,  tended  strongly  to  prove 
that  the  dene-holes  were  a  special  kind  of  chalk  pit,  though  they 
might  have  been  subsequently  put  to  other  uses. 

Mr.  A.  L.  Leach  considered  dene-holes  to  be  chalk  pits  pure 
and  simple.  The  arrangement  of  chambers  round  the  base  of 
the  shaft  yielded  the  maximum  quantity  of  chalk  with  the 
minimum  amount  of  risk  and  labour.  The  thickness  of  the 
overlying  Tertiary  strata  had  been  brought  forward  as  an  argument 
against  the  "chalk  pit"  theory.  He  however  thought  it  told 
against  the  "granary  "  theory  to  a  greater  extent  than  for  it  If 
underground  chambers  were  needed  for  storage  of  grain,  galleries 
or  chambers  sunk  directly  into  the  chalk  where  it  was  not  over- 
lain by  Tertiary  strata  would  have  afforded  as  much  concealment 
and  would  have  been  much  more  easily  excavated  than  these 
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dene-holes,  which  are  frequently  sunk  through  40  ft.  to  60  ft.  of 
sands  and  loams.  The  oft-quoted  reference  of  Pliny  undoubtedly 
supported  the  theory  that  dene-holes  were  simply  chalk  pits  (for 
agricultural  purposes),  and  the  "granaries"  or  "grain  pits" 
mentioned  by  Diodorus  Siculus  were  the  shallow  pits  which  have 
been  found  not  only  in  chalk  but  in  Oolitic  limestones  and  other 
rocks.  Dene-holes  always  appeared  to  be  sunk  through  those 
soils  which  would  be  greatly  benefited  by  the  application  of 
chalk  as  a  manure. 

Mr.  Youens  said  he  was  not  particularly  concerned  with  the 
consideration  of  what  was  done  with  the  chalk  excavated  from 
these  pits.  What  he  wanted  to  get  at  was  the  period  at  which 
they  were  dug.  He  admitted  there  was  little  actual  evidence  to 
go  upon,  but  he  felt  convinced  they  were  decidedly  pre-Roman. 

Mr.  E.  T.  Newton,  F.R.S.,  F.G.S.,  said  that  the  evidence  to 
be  derived  from  the  mammalian  bones  which  had  been  found 
was  not  in  favour  of  the  dene-holes  being  of  any  great  age.  It 
was  remarkable  that  only  remains  of  quite  modem,  present-day 
animals  had  been  found,  including  dog,  horse,  ox,  sheep,  pig,  cat, 
rabbit,  rat,  etc. 

The  discussion  continued  until  the  party  took  train  for 
London,  thus  ending  a  much  appreciated  excursion,  notwith- 
standing the  early  time  of  the  year  at  which  it  was  taken. 


VISIT  TO   THE   CANADIAN    MINERAL   GALLERY, 
IMPERIAL  INSTITUTE,  SOUTH  KENSINGTON. 

Saturday,  March  7TH,  1908. 

Director:  J.  W.  Evans,  D.Sc,  LL.B.,  F.G.S. 

{Rtport  by  THE  DIRECTOR.) 

On  entering  the  Gallery  Dr.  Evans  directed  the  attention  of  the 
members  of  the  Association  (of  whom  forty-five  had  assembled) 
to  the  Canadian  fuels.  Coal  of  Carboniferous  age,  contempor- 
aneous with  that  of  our  coalfields,  is  found  in  Nova  Scotia  and 
New  Brunswick,  though  the  output  in  this  latter  province  is 
comparatively  small.  Coal  is  not  found  in  Quebec  and  Ontario, 
but  farther  west  it  is  met  with  of  Cretaceous  age.  Where  it  lies 
undisturbed  in  the  central  plains  it  has  the  characters  of  lignite, 
but  in  the  neighbourhood  of  the  Rocky  Mountains  the  strata 
are  affected  by  earth-movements  and  the  dislocations  have  allowed 
the  volatile  constituents  to  escape,  so  that  it  passes  into  bituminous 
coal  or  even  anthracite.  Among  other  localities  may  be  men- 
tioned Canmore,  near  Banflf,  in  Alberta,  the  Crow's  Nest  Pass 
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in  the  Rockies  of  British  Columbia,  and  Nanaimo  in  Vancouver 
Island.  Tertiary  coal  occurs  in  British  Columbia  and  the  Yukon, 
and  peat  is  found  in  many  localities.  Mineral  oils  have  been 
extensively  worked  in  Ontario,  and  to  a  less  extent  in  New 
Brunswick,  where  bituminous  deposits  are  also  met  with. 

There  is  a  large  exhibit  of  graphite,  which  occurs  in  Quebec, 
Ontario,  New  Brunswick,  and  Nova  Scotia.  As  in  Ceylon, 
Bavaria,  and  other  localities  it  appears  to  be  a  deposit  formed  in 
crystalline  rocks  by  pneumatolytic  action.  In  Charlotte  County, 
New  Brunswick,  however,  graphite  occurs  which  appears  to  have 
resulted  from  the  metamorphism  of  coal-seams  as  in  Styria. 

In  the  same  large  wall  case  are  some  fine  specimens  of 
mica,  another  product  of  the  ancient  crystalline  rocks. 
Muscovite  (potash  mica)  is  found  in  "books"  (crystals)  of 
broad  plates  in  coarse  pegmatoid  veins  in  the  gneiss  of  the 
Province  of  Quebec,  but  is  not  systematically  mined  on  account 
of  its  irregular  occurrence.  Of  more  importance  commercially 
is  silver-amber  mica  or  phlogopite  (magnesia  mica),  which  is 
found  in  pyroxene  dykes  with  calcite  and  apatite  in  Ottawa 
County,  Quebec,  and  to  the  south-west  of  Ottawa  in  the 
province  of  Ontario.  Though  silvery  in  appearance  it  is  nearly 
opaque,  the  result  of  innumerable  small  interlamellar  bubbles. 
It  is  mainly  used  for  electrical  purposes,  either  in  its  natural 
state  or  in  the  form  of  micanite,  which  consists  of  thin  films 
cemented  together. 

Another  wall  case  is  devoted  to  Canadian  "asbestos,"  the 
chrysolite  of  mineralogists,  and  the  amiantos  or  Karystian  stone 
of  the  Greeks.  Here  as  elsewhere  it  occurs  in  serpentine  rock, 
the  ancient  Karystian  marble.  It  was  contrasted  with  the  "  blue 
asbestos "  or  krokydolite  of  Griqualand  West  in  Cape  Colony, 
which  was  also  shown.  The  asbestos  of  mineralogists  is  worked 
to  some  extent  in  Hastings  County,  Ontario,  under  the  name  of 
actinolite,  while  in  the  United  States  there  is  another  asbestos 
which  is  a  variety  of  anthophyllite.  There  are,  therefore,  four 
distinct  fibrous  minerals  employed  in  the  arts,  but  chrysolite  is 
by  far  the  most  valuable. 

The  nickel  ore  of  Sudbury,  near  Lake  Superior,  occupies 
another  wall  case.  It  is  a  nickeliferous  pyrrhotite,  closely  associ- 
ated with  a  norite  (hypersthene  gabbro)  which  forms  the  lower 
portion  of  a  thick  sheet  of  igneous  rock  (now  lying  in  a  synclinal 
basin)  of  which  the  upper  part  is  distinctly  acidic.  The  associ- 
ation of  nickel  with  ferrous  sulphide  and  orthorhombic  pyroxene 
is  common  both  in  the  earth's  crust  and  in  meteorites. 

Some  firte  specimens  of  the  cobalt  nickel  silver  ores  that 
occur  in  dykes  in  Huronian  rocks  near  Lake  Temiskaming  were 
also  seen. 

The  whole  of  another  wall  case  is  occupied  by  specimens  of 
felspar-corundum  rock  and  grindstones,  etc.,  manufactured  from 
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the  latter  mineral.  As  in  other  parts  of  the  world  the  rock  is  a 
marginal  fades  of  nepheline  syenite. 

Limit  of  space  forbids  more  than  the  simple  enumeration  of 
other  Canadian  mineral  products :  gold  from  Nova  Scotia, 
Ontario,  the  Klondyke,  and  British  Columbia;  lead  and  silver 
from  Ontario  and  British  Columbia;  copper  from  British 
Columbia  and  Nova  Scotia;  iron  and  manganese  from  Nova 
Scotia,  Quebec  and  other  localities ;  gypsum ;  zinc  blende ; 
apatite ;  and  potash  felspar,  the  last-mentioned  occurring  in  large 
crystals  and  being  employed  in  the  manufacture  of  porcelain. 

For  further  details  reference  may  be  made  to  the  Bulletin  of 
the  Imperial  Institute,  vol.  i,  pp.  98,  183;  vol.  ii,  pp.  115,  116, 
291 ;  vol.  iii,  p.  281 ;  vol.  iv,  pp.  55,  261,  371 ;  vol  v,  pp.  80, 
282,  293,  and  various  publications  on  the  Mineral  Resources  of 
Canada  by  the  Geological  Survey  of  the  Dominion,  and  the 
Mines  Branch  of  the  Department  of  the  Interior,  Ottawa. 

The  proceedings  terminated  with  a  hearty  vote  of  thanks  to 
the  Director  proposed  by  the  President.  Dr.  Evans,  in  replying, 
said  there  were  other  colonial  exhibits  of  geological  interest, 
which  he  invited  the  Association  to  visit  on  some  future 
occasion. 


VISIT  TO  THE  WESTERN  GALLERY  OF  THE 
VICTORIA  AND  ALBERT  MUSEUM,  AND  GEO- 
LOGICAL DIVISION  OF  THE  ROYAL  COLLEGE 
OF  SCIENCE,  SOUTH  KENSINGTON. 

Saturday,  March  14TH,  1908. 

Directors:  The  President,  C.  G.  Cullis,  D.Sc,  F.G.S., 
and  R.  F.  Gwinnell,  F.G.S. 

(^Report  by  R.  F.  GwiNNKLL.) 

A  LARGE  party,  numbering  about  seventy,  assembled  at  2.30  at 
the  entrance  to  the  Western  Gallery,  and  were  met  by  the 
President.  Proceeding  through  the  gallery,  which  is  devoted  to 
scientific  apparatus,  the  more  important  exhibits  were  examined. 
Prof.  Watts  giving  short  explanations  of  each. 

Among  those  of  chief  interest  to  geologists  may  be  mentioned 
the  models  illustrating  Prof.  Duparc's  views  as  to  the  tectonic 
structure  of  the  Alps,  and  Sopwith's  models  showing  the  relation 
of  outcrop  of  strata  to  underground  structure.  Among  the 
contoured  relief  models  special  attention  was  directed  to  Prof. 
Heim's  wonderfully  realistic  representations  of  glaciated  mountain 
scenery,  to  the  large  model  of  the  Isle  of  Purbeck  prepared  by 
the   Geological  Survey^  and  to  French  exhibits  illustrating  the 
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method  of  construction  of  these  models.  Jordan's  relief  map  of 
the  British  Isles  and  surrounding  seas  shows  in  a  striking  manner 
the  continental  origin  of  our  country. 

A  fine  collection  of  maps  illustrating  the  work  of  the  official 
geological  surveys  of  most  foreign  countries  had  been  arranged 
by  Prof.  Judd.  Near  them  were  seen  such  historic  maps  and 
documents  as  William  Smith's  Geological  Map  of  the  Environs 
of  Bath  (1799)1  and  his  Table  of  Stratified  Deposits,  the  earliest 
expression  of  the  regular  order  of  superposition  of  strata.  His 
great  map  of  England  and  Wales,  published  in  1815,  is  so  hung 
as  to  be  readily  compared  with  the  modern  Index  map  of  the 
Geological  Survey^  and  one  cannot  but  be  struck  by  the  marveU 
lous  accuracy  and  detail  of  the  pioneer  work. 

Leaving  the  public  gallery,  the  party  entered  the  private 
teaching  museum  of  the  college,  where  Prof.  Watts  briefly 
explained  its  general  plan,  and  pointed  out  that  its  arrangement 
was  entirely  due  to  Prof.  Judd,  he  himself  having  altered  it  in  no 
respect. 

A  brilliant  demonstration  was  next  given  in  the  lecture  theatr& 
by  Dr.  Cullis  on  the  use  of  the  projecting  lantern-microscope  in 
the  teaching  of  micro-petrology.  The  optical  properties  employed 
in  the  identification  of  minerals  in  thin  sections  were  illustrated 
by  a  fine  series  of  sections  such  as  are  used  with  the  ordinary 
microscope.  Meanwhile  those  who  were  unable  to  attend  this 
demonstration  owing  to  lack  of  accommodation,  were  examining^ 
under  Mr.  Gwinnell's  charge,  the  apparatus  employed  in  slicing 
and  grinding  thin  sections  of  rocks  for  microscopic  examination, 
and  also  other  allied  machines. 

After  both  groups  had  attended  each  demonstration  tea  was 
provided  by  the  President  The  visit  terminated  with  a  very 
hearty  vote  of  thanks  to  Prof.  Watts  and  the  other  Directors ;  it 
was  proposed  by  Messrs.  George  Potter  and  Upfield  Green,  and 
responded  to  by  Prof.  Watts  and  Dr.  Cullis. 


VISIT  TO  THE  BOROUGH  OF  STEPNEY  MUSEUM, 
WHITECHAPEL,  AND  THE  NATURE  STUDY 
MUSEUM,  CABLE  STREET,  E. 

S.\TURDAY,  March  2ist,  1908. 

(Rtpart  by  T.  W.  READER,  F.G.S.) 

A  PARTYof  twenty-threeassembled  at  the  Stepney  Museumat  2  p.m. 
In  the  unavoidable  absenceof  the  Curator,  Miss  Hall,  the  party  were 
conducted  by  the  Museum  assistant,  Mr.  P.  Horn,  who  described 
the  Zoological  and  Antiquarian  Section,  Mr.  H.  Whitehead,  the 
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late  assistant,  dealing  with  the  Geological  and  Mineralogical 
Section.  It  was  explained  that  the  museum  owes  its  origin  to  the 
munificent  gift  by  the  Rev.  Mr.  Greatorex,  the  Vicar  of  White- 
chapel,  of  his  collection  of  Antiquities,  as  well  as  of  Geological 
and  Natural  History  specimens,  to  the  Stepney  Borough  Council, 
who  enthusiastically  accepted  the  gift,  and  provided  the  necessary 
room  in  the  library  buildings  at  77,  High  Street,  WhitechapeL 
The  arrangement  of  the  museum  is  on  the  plan  of  evolution, 
commencing  in  the  wall-cases  with  the  Invertebrates,  many  fine 
specimens  of  Coral,  Echinoderms,  MoUusca,  and  Crustacea  being 
pointed  out.  Then  follows  an  interesting  educational  series  of 
specimens  of  Fish,  Reptiles,  Birds,  and  Mammals,  concluding  with 
Man,  his  weapons  and  tools.  In  the  table-cases  are  arranged 
special  collections,  British  Mollusca,  &c..  Ores  and  Minerals 
and  an  interesting  series  of  Fossils  being  the  united  collections 
presented  by  the  Geologists'  Association,  the  Rev.  Mr.  Greatorex, 
Dr.  Gregory  and  the  Toynbee  Scientific  Society.  A  fine  series  of 
antiquarian  remains  relating  to  Norton  Folgate,  presented  by  the 
Trustees  of  the  Liberty,  were  next  examined  with  much  interest. 

In  cabinets  under  the  table-cases  are  stored  a  large  series  of 
specimens  which  are  available  to  students.  For  the  furtherance 
of  nature  study  special  exhibits  of  flowers  and  botanical  specimens 
are  arranged. 

At  3.30  p.m.  the  party  left  the  museum,  and  made  their  way 
to  Cable  Street,  St.  George's,  where,  owing  to  the  exertions  of 
Miss  Hall,  a  suitable  building  has  been  transformed  into  a 
Nature  Study  Museum.  An  arrangement  is  made  whereby 
parties  of  children  can  be  brought  and  lessons  given  on  the 
exhibits,  which  are  mostly  examples  of  the  lower  forms  of  animal- 
life. 

Being  rather  early  in  the  season  there  were  not  many  flowers 
in  the  garden  round  the  museum,  but  it  was  remarked  that 
they  were  able  to  raise  some  plants  on  the  alluvial  sandy  soil 
which  cannot  exist  at  other  parts  further  from  the  river. 

The  party  then  proceeded  to  Toynbee  Hall,  where  they  were 
received  by  the  warden,  Mr.  Harvey,  who  had  prepared  in  the 
"  drawing-room  "  a  tea  that  was  most  welcome  after  the  after- 
noon spent  in  the  busy  district  of  the  docks. 

The  Warden  then  conducted  the  party  over  the  Settlement 
After  inspecting  the  dining  hall,  art  school,  library  and  other 
rooms,  a  hearty  vote  of  thanks  was  proposed  by  Mr.  Newton 
and  accorded  by  the  members  to  Mr.  Harvey  for  giving  up 
his  afternoon  to  them. 
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Saturday,  March  28th,  1908. 

Director:  J  Allen   Howe,  B.Sc,  F.G.S.,   assisted  by  Dr.   J. 

J.   H.   Teall,  F.R.S.,  etc.,  W.   A.  E.  Ussher,  F.G.S.,  H.  A. 

Allen,  F.G.S.,  T.  C.  Cantrill,  B.Sc,  F.G.S.,  E.  E.  L.  Dixon, 

B.Sc,  F.G.S.,  D.  A.  MacAlister,  A.R.S.M.,  F.G.S.,  and 

T.  C.  Hall. 

The  party,  numbering  about  50,  assembled  in  the  lower  Hall 
at  2.30;  here  Mr.  Howe  explained  the  general  arrangement  of 
the  exhibits  in  the  new  extension  of  the  Museum,  and  said  that 
the  most  recent  development  in  the  Museum  had  been  the 
introduction  of  temporary  exhibits  to  illustrate  new  Memoirs,  by 
means  of  specimens,  maps,  and  photographs,  which  were  arranged 
with  the  co-operation  of  the  field  staff.  Arrangements  had  been 
made  with  the  field  officers  that  they  might  be  present  to 
demonstrate  to  the  Association  the  cases  with  which  they  were 
respectively  concerned. 

Dr.  Teall  then  opened  the  demonstration  by  giving  a  brief 
explanation  of  the  structure  of  the  highly  complicated  area 
portrayed  in  the  large  model  of  the  Assynt  district  of  the  N.-W. 
Highlands.  This  model  is  illustrated  by  a  series  of  photographic 
enlargements  and  by  specimens  of  the  typical  rocks,  both  of 
which  are  placed  conveniently  for  reference  to  the  model 
Professor  Watts,  the  President,  proposed  a  vote  of  thanks  to 
Dr.  Teall  at  the  close  of  his  demonstration. 

Mr.  Cantrill  then  directed  attention  to  the  Ammanford  Map 
and  Section,  pointed  out  that  the  district  lies  on  the  north-western 
margin  of  the  South  Wales  coal-field,  and  is  one  of  the  richest 
of  the  anthracite  mining-grounds.  The  oldest  and  most  highly- 
disturbed  rocks,  the  Cambrian  and  Ordovician,  lie  on  the  north- 
western margin  of  the  area,  while  the  newest  and  least  inclined 
are  to  be  found  on  the  southern.  The  high  dip  prevailing  among 
the  older  beds  enables  a  visitor  to  Llandilo  to  walk  from  Upper 
Arenig  Rocks  across  Llandilo  Flags,  Wenlock  and  Ludlow,  Old 
Red  Sandstone,  Carboniferous  Limestone,  and  Millstone  Grit  to  the 
Lower  Coal  Series,  in  a  distance  of  only  three  miles.  Several 
lines  of  unconformity  and  disturbance  were  indicated  on  the 
map;  the  greatest  being  that  between  the  Ordovician  and 
Silurian,  an  unconformity  accompanied  by  faulting,  in 
consequence  of  which  the  Bala  and  Lower  Llandovery  rocks  of  the 
north  bank  of  the  Towy  are  missing  on  the  south.  Another 
great  disturbance  runs  along  the  Old  Red  Sandstone  outcrop,  with 
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the  result  that  a  string  of  Carboniferous  Limestone  outliers  has 
been  thrown  down  along  the  valleys  of  the  Cennen  and  the 
Gwendraeth-fach. 

The  glacial  phenomena — striae,  transported  boulders,  and 
sheets  of  boulder-clay — show  that  the  whole  district  was  buried 
under  ice,  streaming  from  central  Wales,  which  pressed  southward 
through  every  gap  in  the  main  escarpments. 

Specimens  of  the  various  rocks  and  their  fossil-contents 
were  displayed  in  the  cases,  together  with  some  photographs 
which  would  convey  a  notion  of  some  of  the  characteristic 
scenery  of  the  district. 

Mr.  Dixon,  after  mentioning  the  sequence  of  formations 
exposed  in  the  Swansea  and  Gower  districts  (i  in.  to  the  mile, 
sheets  246  and  247),  described  some  of  the  points  of  interest 
illustrated  by  specimens  exhibited  in  the  cases.  The  oldest 
rocks  are  the  Ludlow  Beds  of  Cefn-y-Bryn,  which  were  first 
detected  by  Mr.  Tiddeman,  and  from  which  some  characteristic 
fossils  have  been  obtained.  They  are  generally  followed  im- 
mediately, and  obviously  unconformably,  by  Upper  Old  Red  Sand- 
stone, consisting  of  sandstones,  termed  Brownstones,  below,  and 
of  conglomerates  above,  both  made  up  largely  of  quartz  and 
red  jasper  detritus,  fine  or  coarse.  The  red  jasper  fragments, 
though  now  presenting  a  comparatively  uniform  appearance, 
have  really  been  derived  from  a  variety  of  rocks  which  have 
been  reduced  to  their  present  state  by  complete  silicification 
and  reddening  with  hematite.  As  similar  processes  are  known 
to  be  taking  place  to-day  under  desert-conditions  it  is  suggested 
that  the  conversion  to  red  jasper  was  effected  by  the  similar 
conditions  which  prevailed  in  Old  Red  times. 

The  Carboniferous  Limestone  Series,  though  strikingly  similar 
on  the  whole  to  that  of  the  Bristol  district  visited  by  the 
Association  the  previous  year,  presents  some  points  of  difference. 
The  limestone  underwent  considerable  dolomitisation,  first 
while  still  within  reach  of  Carboniferous  sea-water,  which  gave 
rise  to  "contemporaneous"  dolomites,  and  afterwards  in 
Triassic  times,  when  underground  ms^nesian  waters  effected  a 
considerable  amount  of  "  vein-dolomitisation,"  especially  in  the 
walls  of  fissures.  The  different  effects  of  these  two  types  of 
alteration  on  various  limestones  were  briefly  mentioned. 

The  Millstone  Grit  Series  is  of  interest  in  consisting 
chiefly  of  shales,  and  in  including  at  the  base  a  group  of 
radiolarian  cherts.  Of  the  Coal  Measures  some  of  the  most 
important  problems  will  be  dealt  with  by  Dr.  Strahan  in  a 
forthcoming  memoir,  but  some  characteristic  fossils,  both  plant 
and  animal,  were  exhibited  and  a  conglomerate  from  the 
Pennant  Series,  with  fragments  of  mica-schist  and  coal,  was 
referred  to  as  coming  from  the  quarry  where  Logan  first 
noticed  coal-pebbles  in  a  Coal  Measure  sandstone. 
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After  the  great  post-Carboniferous  earth-movements  Triassic 
rocks  were  deposited,  probably  over  most  of  the  district,  though 
their  former  presence  is  generally  evidenced  now  merely  by 
the  reddening  of  many  of  the  Carboniferous  rocks,  such  as  the 
Millstone  Grit  shales,  which  have  been  ground  for  red  paint  at 
Port  Eynon.  Finally,  light  is  thrown  on  the  last  stages  of  the 
geological  history  of  the  district  by  the  raised  beach,  the 
bone-caves,  the  glacial  deposits,  and  the  submerged  forest,  the 
first  having  been  shown  by  Mr.  Tiddeman  to  have  been 
formed  before  the  glacial  period,  and  the  last  indicating  a 
considerable  submergence  in  comparatively  recent  times. 

In  addition  to  the  specimens  a  number  of  photographs 
illustrating  the  scenery  and  geology  of  the  districts  were  on 
view. 

Mr.  W.  A.  E.  Ussher  then  gave  a  short  exposition  of  the 
case  containing  the  exhibius  of  the  "Plymouth  and  Liskeard" 
Memoir,  Sheet  No.  348.  To  this  district  Mr.  Ussher  recently 
conducted  a  party  of  the  Association.     (See  aniCy  p.  78). 

Mr.  MacAlister  delivered  a  few  remarks  on  the  Geology  of 
the  principal  mining  region  of  the  West  of  England.  This  is  the 
district  comprised  in  the  recently  published  i-inch  map  352, 
which  includes  the  towns  of  Truro,  Falmouth,  Camborne  and 
Redruth.  The  rocks  of  the  region  include  greenstone,  granite, 
elvan,  mica  trap  and  palaeozoic  sediments  in  which  the  igneous 
rocks  were  intruded. 

Mr.  Hill  is  responsible  for  the  elucidation  of  the  geology,  and 
the  new  map  shows  extensive  modification  from  that  of  the 
original  survey  by  De  la  Beche  in  1839. 

In  the  old  map  most  of  the  area  was  indicated  as  Devonian, 
only  a  small  portion  east  of  Gerran's  Bay  being  coloured  Lower 
Silurian,  which  corresponded  to  and  is  now  known  as  Ordovician. 
To  these  beds  Mr.  Hill  has  given  the  name  Veryan.  According 
to  the  new  map  the  Devonian  rocks  do  not  come  south  of  an 
east  and  west  line  drawn  between  Porth  Towan  and  Probus. 
The  rest  of  the  region,  formerly  coloured  Devonian,  is  now 
believed  to  be  not  only  older  than  the  Devonian,  but  represents 
a  descending  sequence,  of  which  the  Veryan  Group  is  the  upper 
member,  while  the  Portscatho,  Falmouth  and  Mylor  groups 
succeed  it  in  the  order  named.  To  complete  the  stratigraphical 
history  it  should  be  mentioned  that  in  the  adjoining  district  to 
the  east  (Porth  Luney),  described  by  Mr.  Clement  Reid,  Upper 
Silurian  fossils  have  been  found  which  Messrs.  Upfield  Green 
and  Davies  Sherborne  have  proved  beyond  doubt  to  be  of  Wen- 
lock  age. 

The  Devonian  rocks  are  resting  unconformably  on  the  Lower 
Palaeozoics,    and    their    occurrence    as    conglomerates    in    the 
Meneage  peninsula  shows  that  the  Devonian  strata  were  formerly 
more  widely  represented  in  South  Cornwall. 
Proc.  Geol.  Assoc,  Vol.  XX,  "Part  6,  1908.]  33 
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Before  the  intrusion  of  the  granites,  elvans,  and  mica  traps, 
the  region  was  disturbed  by  pre-Devonian  and  post-Carboni- 
ferous crustal  movements  resulting  in  overfolding  and  shearing  of 
the  sedimentary  rocks  with  development  of  slates,  crush-breccias, 
and  other  dynamically  formed  rock  types.  The  greenstones, 
all  of  which  were  intruded  before  the  Carboniferous  movements 
commenced,  have  likewise  been  affected  by  the  general  disturb- 
ances. They  were  originally  dolerites,  gabbros,  and  basalts,  and 
are  now  epidiorites  or  metamorphosed  rocks  in  which  garnet, 
epidote,  and  other  minerals  are  developed. 

The  granite  is  the  most  important  igneous  rock  in  the  region. 
According  to  Mr.  Teall  it  was  intruded  at  the  close  of,  and  as  a 
relief  to,  the  post-Carboniferous  movements  to  which  the 
deformation  of  the  sedimentary  rocks  is  mainly  due.  The  tin 
and  copper  ores  of  the  region,  which  for  centuries  have  been  of 
such  importance  in  the  west  country,  were  derived  directly  from 
the  granite  magma  in  the  final  phases  of  its  consolidation.  The 
metals  were  extracted  from  the  magma  by  means  of  fluorides, 
borides,  and  steam,  and  deposited  largely  under  pneumatolytic 
conditions  in  fissures  in  the  granite  and  in  the  contact  altered 
rocks  (andalusite  and  biotite  schists  and  hornfelses)  of  the 
metamorphic  zone  surrounding  it.  The  lodes  constitute  a  mixed 
type  which  may  be  described  as  cassiterite  veins  characterised  by 
the  presence  of  large  amounts  of  copper  ores  and  other  sulphides. 

The  presence  of  tourmaline  and  wolfram  suggests  an  affinity 
with  the  sub-group  of  which  similar  veins  in  Tirpersdorf, 
Bohemia,  are  typical,  so  that  on  the  whole  the  lodes  of  the  r^on 
present  a  variety  of  features  of  interest  from  the  point  of  view  of 
the  genesis  of  the  minerals. 

In  demonstrating  the  exhibit  arranged  to  illustrate  the  Geology 
of  the  Land's  End  district  (maps  351  and  358),  described  by 
Mr.  Clement  Reid  and  Dr.  J.  S.  Flett,*  Mr.  T.  C.  Hall 
pointed  out  that  the  area  was  of  special  interest  owing  to  the 
facilities  it  offered  for  the  study  of  contact-metamorphism,  and 
that  the  west  of  Cornwall  has  long  been  known  as  a  typical  region 
for  phenomena  of  that  kind.  The  killas,  which  mainly  belongs 
to  Mr.  Hill's  Mylor  division  of  the  Lower  Palaeozoics,  has  been 
altered  by  the  intrusions  of  both  granite  and  greenstone,  but,  as 
pointed  out  in  the  Memoir,  the  alterations  produced  in  each  case 
are  of  an  entirely  different  kind,  and  they  can  be  easily  dis- 
tinguished. The  granite  aureole  is  principally  occupied  by 
spotted  slates  which  pass,  in  the  inner  zones  of  the  aureole,  into 
hard  splintery  black  or  dark-brown  hornfelses  in  which  all  traces 
of  spotting  are  often  nearly  or  completely  effaced  by  the  extensive 
recrystallisation  which  the  rocks  have  experienced.  The  speaker 
here  called  particular  attention  to  a  specimen  of  cordierite-hom- 

*  Memoirs  of  the  Geological  Survey.    "  The  Geology  of  the  Land's  End  District,"  by 
Clement  Reid,  F.K.S.,  and  J.  S  Flett,  M.A.,  Q»Sc.    (1907.) 
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blende-hornfels  from  near  Kenidjack  Castle,  St.  Just,  as  no  finer 
cordierite  rocks  than  those  from  this  locality  are  known  in  Britain. 
Attention  was  also  drawn  to  a  specimen  of  granite  enclosing  a 
fragment  of  slate,  as  these  enclosures  exhibit  the  extreme  phase 
of  alteration  of  the  killas,  and  contain  such  minerals  as  cordierite, 
andalusite,  sillimanite,  spinel,  corundum,  tourmaline,  etc.  The 
alteration  of  the  killas  by  the  greenstone  was  illustrated  by 
specimens  of  adinole  and  spilosite. 

The  greenstone,  a  name  given  to  the  much  strained  and 
altered  basic  igneous  rocks  quite  unlike  any  of  the  later  intrusions 
which  cut  them,  have  themselves  been  altered  by  the  granite,  and, 
where  they  occur  in  immediate  contact  with  that  rock,  are  con- 
verted into  splintery  diabase-homfelses,  specimens  of  which  were 
exhibited.  Other  specimens  showed  that  the  greenstone  also 
sometimes  exhibits  spotting  similar  to  that  so  well  seen  in  the 
contact-altered  sediments.  A  specimen  of  garnetiferous  green- 
stone illustrated  the  pneumatolytic  modifications  produced  by 
the  granite. 

In  referring  to  the  granite  it  was  stated  that  a  characteristic 
feature  of  the  Land's  End  mass  is  the  coarsely  porphyritic 
character  of  the  rock  due  to  the  presence  of  crystals  of  felspar  up 
to  several  inches  in  length,  as  seen  in  one  of  the  specimens 
shown,  and  mention  was  made  of  the  interesting  fact,  brought 
out  during  the  survey  of  the  area  by  Mr.  Clement  Reid,  that  the 
mass  is  not  all  of  one  age  or  type,  but  includes  an  area  of  about 
seven  square  miles  of  a  fine-grained  granite  of  somewhat  later 
date.  An  exhibited  specimen  of  this  finer  granite  claimed  atten- 
tion for  a  large  crystal  of  pinite  which  it  contained.  This  mineral 
is  widely  disseminated  through  the  Land's  End  granites  and 
elvans,  and  represents  an  alteration  product  after  cordierite. 

The  coarse  pegmatite  which  is  distributed  as  veins  and 
patches  in  the  granite,  towards  its  margin  or  irregularly  dispersed 
through  its  outcrop,  was  illustrated  by  two  specimens,  one  of 
which  showed  the  large  amount  of  schorl  frequently  present  in 
these  rocks.  The  pneumatolytic  modifications  of  the  granite, 
produced  by  vapours  which  emanated  from  it  at  a  time  following 
its  injection  but  anterior  to  its  complete  cooling,  were  seen  in 
specimens  of  schorl-rock  and  greisen. 

Among  the  exhibited  specimens  of  elvan,  a  name  given  in 
Cornwall  to  the  long  narrow  dykes  of  quartz-porphyry  of  slightly 
later  date  than  the  granite  masses,  was  a  specimen  of  the  well- 
known  coarsely-porphyritic  dyke  of  Prah  Sands  containing  many 
crystals  of  pinite,  and  a  specimen  from  Wheal  Herland  showing 
tourmalinisation :  a  corresponding  pneumatolytic  change  to  that 
which  takes  place  in  granite  in  the  production  of  schorl-rock. 

The  Tertiary  strata  were  illustrated  by  specimens  of  sub- 
angular  chalk-flint  and  greensand-chert  from  the  gravel  deposit 
which  occurs  near  Marazion,  and  which  is  probably  of  Eocene 
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age,  and  by  a  series  of  fossils  from  the  well  known  Pliocene 
deposit  of  St.  Erth.  In  this  connection  a  specimen  of  the  Wolf 
Rock  phonolite  was  shown  and  mention  made  of  the  fact  that 
the  mass  is  probably  of  Tertiary  date,  for,  unlike  the  Palaeozoic 
igneous  rocks  of  Cornwall,  it  is  neither  altered  nor  sheared.  It 
was  first  described  by  Allport,  and  is  of  considerable  interest  as 
being  the  best  example  of  a  phonolite  known  to  occur  in  Britain. 

The  next  cases  to  be  examined  were  some  recent  additions  to 
the  fossil  collection  which  were  explained  by  Mr.  H.  A.  Allen. 
Attention  was  drawn  to  a  series  of  fossils  from  Speeton  in 
Yorkshire,  collected  zonally  by  Mr.  C.  G.  Danford  ;  examples  are 
exhibited  from  the  Kimeridge  clay  (zone  F)  upwards  to  zone  A 
or  Bekmniies  minimus  beds.  Some  of  the  belemnites  had  been 
split  longitudinally  in  order  to  show  the  difference  in  the  apical 
termination  of  the  alveolar  cavity  between  the  groups 
B,  lateralis  Phill.,  and  B,  brunsvictnsis  Stromb.* 

In  the  same  case  is  a  series  of  specimens  to  illustrate  the 
various  zones  of  the  Carboniferous  Limestone  as  divided  by  Dr. 
A.  Vaughan,t  w».| 

D,  or  zone  of  Dibunophyllum  aff.  turbinaium, 

S,  or  zone  of  Seminula  ficoides, 

C,  or  zone  of  Syringothyris  aff.  laminosa. 

Z,  or  zone  of  Zaphrentis  afT.  phillipsL 

K,  or  zone  of  Cleisfopora  aff.  geomeirica, 

M,  or  zone  of  Modiola  lata, 

Mr.  Carruthers  has  shown  {  that  the  zone  fossil  Zaphrentis  aff. 
phihipsi  does  not  occur  in  these  beds,  consequently  it  will  be  well 
to  refer  to  the  zone  Z  as  the  Z,  or  Zaphrentis-zone, 

Another  exhibit  comprised  a  selection  of  bones  of  mammalia 
from  a  cave  at  Clevedon,  Somerset,  presented  by  a  member  of 
the  Association,  Dr.  H.  C.  Male,  and  by  Mr.  G.  E.  Male ;  some 
interesting  plants  and  Crustacea  from  the  Coal  Measures  of 
Derbyshire  presented  by  Dr.  L.  Moysey ;  Pliocene  and 
Pleistocene  Mammalia  including  a  femur  of  an  elephant 
dredged  from  the  Forest  Bed  off  the  Norfolk  coast;  and 
enlargements  of  photographs  of  Synhelia,  Micraster^  and 
Cyphosoma^  by  a  member  of  the  Association  (Mrs.  Teall). 

This  most  interesting  visit  concluded  with  a  cordial  vote  of 
thanks  to  the  officers  of  the  Geological  Survey  and  Museum, 
moved  by  the  President.  Mr.  Howe  in  responding  hoped  that 
the  members  would  from  time  to  time  come  and  visit  these 
temporary  exhibits. 


*  Dinford,  C.  G.,  Tram.  Hull  Giol.  Soc,  V,  1906,  pp.  I-X4. 
t  Vaughan,  A.,  Quart.  Journ.  Gtol.  Soc.,  Ixi,  1905,  pp.  181-307. 
X  Carruthers,  R.  G.,  Giol.  Mag,,  vol.  v.,  p.  63,  February,  1908. 
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EXCURSION  TO   LEIGHTON   BUZZARD. 
Saturday,  April  4th,  1908. 

Director  :  G.  W.  Lamplugh,  F.R.S.,  F.G.S. 

Excursion  Secretary :  A.  C.  Young. 

Report  by  Tn^  DIRECTOR. 

On  reaching  Leightort  Buzzard  about  2  p.m.  the  party, 
reinforced  by  members  of  the  Hertfordshire  Natural  History 
Society,  and  numbering  in  all  about  twenty,  walked  out  to  the 
Shenley  Hill  sandpits,  passing  on  the  way  a  small  brickyard  in 
the  Gault  from  which  both  Lower  and  Upper  Gault  fossils  have 
been  obtained  by  Mr.  A.  J.  Jukes-Browne. 

The  Lower  Greensand  which  emerges  from  beneath  the  spur 
of  Gault  and  Boulder  Clay  forming  Shenley  Hill  is  dug  on  the 
south-east  side  of  the  hill  in  a  succession  of  extensive  pits  which 
are  practically  conterminous  with  each  other.  The  principal 
object  of  the  excursion  was  to  examine  the  richly  fossiliferous 
horizon  discovered  in  1902  at  the  top  of  the  Lower  Greensand  in 
these  pits,  and  described  in  the  following  year  by  Messrs.  G. 
\V.  Lamplugh  and  (the  late)  J.  F.  Walker.* 

The  fauna  of  this  horizon,  particularly  rich  in  brachiopods, 
differs  from  that  of  any  deposit  hitherto  found  beneath  the  Gault, 
and  presents  a  facies  usually  associated  with  the  Upper  Greensand 
in  England,  though  with  some  feature  at  present  peculiar  to 
itself.  The  mode  of  occurrence  of  the  fossil-bearing  rock  is 
shown  in  the  accompanying  illustration  (Fig.  34),  reproduced  by 
permission  of  the  Council  of  the  Geological  Society,  from  the 
above-mentioned  paper. 

The  party  first  examined  the  most  southerly  workings,  known 
as  "Garside's  Pit"  (see  ground-plan.  Fig.  2,  of  the  paper 
above  referred  to),  but  found  the  most  important  portion  of 
the  section  obscured  by  slips  and  down-wash  of  Gault  clay. 
The  position  of  the  fossil-band  was,  however,  demonstrable  in 
one  part  of  the  section,  and  some  blocks  of  the  fossiliferous 
limestone  were  found  on  the  spoil-bank,  which,  under  the 
hammers  of  the  visitors,  yielded  numerous  examples  of  the 
characteristic  organisms,  including  the  curious  Terebrirostra 
lyra^  var.  Numbers  of  fine  specimens  were  also  still  more  easily 
obtained  from  a  bag  produced  by  one  of  the  quarrymen,  who 
mentioned  that  the  late  Mr.  Walker  had  been  a  buyer  of  all  that 
could  be  obtained  at  so  much  per  pound-weight. 

The  Director  stated  that  during  the  working  back  of  this 
pit  in  1 904-1 906  (subsequent  to  the  publication  of  his  previous 

•  (^ft,  Joum,  Geol,  Soc,,  vol.  llx  (1903),  pp.  234-263. 
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Fig.  34.    SECTION  AT  THE  NORTHERN   END  OF   HARRIS'S  SAND- 
PIT, SHENLEY   HILL.-.C;.  W.  Lamplugh. 


3  i:V:j^.:.;?1^^^-:;. 


Scale:-!  inch -10  feet. 
Reproduced  by  permhsioH  o/tht  Council  oftht  Gtological  Society  0/ London, 


B. 


Brown  clayey  soil  with  small  stones  ...  i  ft. 

Bluish-grey  Boulder  Clay  composed  of 
rearranged  GauU  speckled  with  small 
pieces  of  chalk,  flint,  iron  grit,  and  a 
few  pebbles  of  quartz,  etc.  2  to  6  It. 

merging  downwards  into 
Gault :  bluish-grey  shaly  clay  in  the  upper 
part  and  dark  blue  below;     with  a  few 
pyritous  clay-stone  nodules  just  above 
'^^'^ase        4  to  7  ft. 

C.  Irregular  band    of   iron  grit  with  smooth 

worn  wrinkled  surface:  usually  dark 
liver-rcd,  but  in  places  crimson 

I  to  3  ins. 

D.  Ochreous  or  greenish -yellow  loamy  sand, 

grit  and  breccia  ;  replaced  here  and 
there  by  len tides  of  pale  flesh-coloured 
or  yellowish  gritty  limestone  full  of 
'"ossi's  I  to  2  ft. 


E.  Undulating  iron  grit  band,  as  a  rule  sharply 

defined,  but  in  one  place  approaching 
the  upper  band  and  there  becoming 
lenticular  and  confused    ...      2  to  3  ins. 

F.  Greyish  greensand  moist  and  loamy,  with 

clayey  streaks  and  lenticles  of  pebbly 
K"i     2  to  3  ft. 

G.  Lenticles  of  dark-red  and  ochrvous  iron-grit 

with  included  nodules  of  sandy  pyritous 
clay-stone  ;  streaks  of  fuller's  earth,  dark 
clayey  greensand,  and  ochreous  loam 
below  ;  forming  a  well-defined  band  cap- 
ping the  "  silver-sands  "  i  to  x^  ft. 

H.  "  Silver-sands " :  clean  white  or  iroir- 
stained  sand,  strongly  cross-bedded, 
with  sporadic  masses  of  ironstone 
sometimes  containing  traces  of 
^<^         loto  15  ft.  seen. 
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description)  a  bed  of  glauconitic  sand  had  set  in  between  the 
Gault  clays  and  the  upper  ironstone  (c)  which  covers  the  lenticles 
of  fossiliferous  limestone,  and  had  increased  westward  to  a  thick- 
ness of  5  ft.  before  the  excavation  in  this  direction  ceased. 
He  had  also  seen  in  one  place  a  sea-worn  crag  of  the  ironstone, 
a  few  feet  across,  on  which  small  oysters  and  serpulae  were 
adherent,  protruding  upward  for  3  It.  or  4  ft.  through  the 
glauconitic  sand  so  that  its  top  was  covered  by  the  Gault 
clay.  He  remarked  that  this  afforded  evidence  that  portions 
of  the  sands  had  been  cemented  into  ironstone  before  the 
deposition  of  the  Gault,  and  also  that  there  had  been 
erosion  of  the  lower  beds  by  currents  before  the  Gault  clay  was 
laid  down.  He  preferred  to  regard  the  glauconitic  sand  as  the 
true  basement  bed  of  the  Gault,  and  to  class  the  beds  below  it 
with  the  Lower  Greensand.  From  the  glauconitic  sand  he  had 
collected  a  few  terebratulae,  small  oysters,  serpulse,  fish-teeth,  and 
belemnites,  but  had  failed  to  find  any  ammonhes  :  nevertheless 
he  suspected  that  this  bed  represented  the  horizon  of 
Acanthaceras  mammillatum^  in  which  case  the  fossiliferous 
limestone  represented  a  somewhat  lower  horizon.  He  suggested 
that  the  difficulties  which  had  arisen  in  the  correlation  were 
mainly  due  to  the  fact  that  we  knew  of  no  other  fossiliferous 
representative  of  this  stage  in  England. 

The  party  next  examined  the  section  in  Harris's  Pit  where 
the  base  of  the  Gault  was  in  one  place  well  exposed,  with  the 
ironstone  floors  beneath,  but  without  happening  to  show  any  of 
the  limestone  lenticles. 

The  most  northerly  pit  of  the  series,  know  as  "  Chance's," 
was  then  visited.  This  pit  is  no  longer  worked,  but  through  the 
kindness  of  the  proprietor,  Mr.  Joseph  Arnold,  who  now  joined 
the  party,  an  excavation  had  been  made  at  a  spot  where  the 
fossiliferous  rock  was  present,  and  some  chunks  of  it  were  dug 
out  by  the  workmen  in  the  presence  of  the  visitors,  who  were 
thus  enabled  to  satisfy  themselves  as  to  its  position  beneath  the 
ironstone  floor.  The  rock  was  rich  in  fossils,  and  yielded,  among 
other  forms,  a  good  specimen  of  the  rare  Terebratella  hercynica. 

The  weather  up  to  this  time  had  been  fine,  but  now  the 
storm-clouds  gathered ;  and  while  the  members  were  travers- 
ing the  excellent  sections  of  current-bedded  white  or  brilliantly 
stained  sands  in  adjacent  pits  worked  by  Mr.  Arnold,  they  were 
driven  hastily  to  shelter  by  pelting  rain.  The  shower  lasted 
long  enough  to  prevent  the  projected  visit  in  the  evening  to  the 
Grovebury  Siding  pits  south  of  Leighton,  where  the  junction  of 
the  Gault  and  Lower  Greensand  is  again  revealed,  but  does  not 
present  the  same  features  as  at  Shenley  Hill. 

Under  the  circumstances  the  proceedings  were  brought  to  a 
close  by  tea  at  the  "  Swan  "  Hotel,  Leighton,  where  a  hearty  vote 
of  thanks  was  accorded  the  Director,  proposed  by  the  President 
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and  seconded  by  Mr.  H.  Kidner,  on  behalf  of  the  Herts.  Nat 
History  Society. 

The  party  afterwards  returned   by   the   7.2    p.m.    train  to 
London. 
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THE    GEOLOGY    OF    THE     BERWYN     HILLS. 

By   J.    LOMAS,    A.R.C.S.,    F.G.S. 

THE  Berwyn  area  is  not  strictly  defined,  but  we  may  take  it  as 
the  country  enclosed  by  the  ridge  of  high  ground  running 
westward  with  the  River  Dee  from  Chirk  to  Corwen,  then  south- 
west through  Llandrillo  to  Lake  Vyrnwy,  and  eastwards  to  the 
hills  extending  from  Llanymynech  to  Llangollen. 

Structurally  it  is  a  dome,  the  middle  of  which  has  been 
denuded,  leaving  a  rim  of  hills  which,  on  the  north,  west,  and 
south-west,  show  an  unbroken  contour  of  over  a  thousand  feet 
above  sea-level.  Ttie  south-east  and  easterly  margins,  though 
lofty  as  a  whole,  have  been  cut  into  deeply  by  the  drainage 
systems  of  the  Ceiriog,  Morda,  and  Tanat  Rivers. 

The  highest  ground  culminates  in  the  north-west  corner  of  the 
area  in  Cader  Berwyn,  2,716  ft.,  and  this  is  well  supported  by 
Moel  Ferna,  Cader  Fronwen,  Mynydd  Tarw,  Post  Gwyn,  and 
other  hills  clustering  round,  all  of  which  are  over  2,000  ft. 
high. 

The  drainage  of  the  Berwyns  is  gathered  into  two  main 
streams,  the  Ceiriog  and  the  Tanat.  Both  these  rivers  rise  in 
the  high  ground  on  the  west,  and  traverse  the  district  from 
W.  to  E.  In  its  upper  reaches  the  Ceiriog  runs  against  the  dip 
of  the  strata  and  over  three  bands  of  igneous  rock,  forming  a 
series  of  beautiful  falls. 

About  Llanarmon  DyfTryn  Ceiriog  it  runs  roughly  parallel  to 
the  strike  of  the  slates,  but  soon  after  passing  that  place  it  enters 
a  deep  gorge,  cuts  through  the  igneous  bands  again,  this  time 
with  the  dip,  and  after  passing  LlansantfTraid  Glyn  Ceiriog  it 
opens  out  into  a  broad  valley.  Before  reaching  Chirk  it  once 
more  flows  through  a  gorge  where  it  cuts  through  the  Car- 
boniferous Limestone.  Before  reaching  the  Triassic  plain  it 
turns  northwards  and  soon  joins  the  River  Dee. 

It  is  probable  that  the  upper  and  lower  parts  formerly  belonged 
to  two  separate  systems,  the  first  part  above  Llanarmon  D.C. 
being  tributary  to  the  Severn  drainage  until  it  was  captured  by 
the  Dee.  The  beheaded  consequent  now  begins  on  the  south 
side  of  the  pass  near  Pensarn  and  flows  into  the  Cynllaith. 

The  Tanat  does  not  appear  to  have  suffered  any  such 
vicissitudes  but  preserves  its  course  as  a  strike  stream  close  to 
the  boundary  hills  on  the  south.  On  its  way  it  gathers  up  the 
waters  of  the  Eiarth,  Rhaiadr,  Irwch  and  Cynllaith,  all  of  which 
join  the  main  stream  on  its  left  bank  and  drain  the  middle  part 
of  the  dome.  It  flows  into  the  Vyrnwy  at  the  south-east  comer 
near  Llanymynech.  For  a  part  of  its  course  the  Tanat  forms  the 
Proc.  Gkol.  Assoc,  Vol.  XX,  Part  7,  1908.]  34 
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boundary  between  a  detached  part  of  Denbighshire  and 
Merionethshire.  These  counties  exchange  plots  on  each  side  of 
the  river,  which  indicate  the  changes  which  the  river  has  under- 
gone since  the  county  boundaries  were  established.  Swampy 
"  oxbows  "  alternating  on  each  side  of  the  stream  tell  the  same 
tale. 

The  Morda  rises  in  the  Carboniferous  heights  on  the  east  It 
begins  as  a  strike  stream,  follows  the  junction  of  the  Carboniferous 
Limestone  and  overlying  sandstones  through  a  narrow  defile  500  ft 
deep,  then  turns  eastward  along  the  dip  until  it  reaches  the  Shrop- 
shire plain,  where  it  bends  southward  to  join  the  Vyrnwy  and  the 
Severn  drainage. 


GEOLOGICAL  STRUCTURE. 

The  geological  structure  of  the  Berwyns  was  first  described  by 
Sedgwick  in  1845,*  ^^^  ^^®  generalised  plan  he  gives  of  the  chief 
lines  of  strike  are  in  the  main  correct.  Jukes,  in  Ramsay's 
"Geology  of  North  Wales," f  gives  fuller  details.  He  describes 
the  various  formations  which  occur  in  the  area,  but  in  the  map 
which  accompanies  the  Memoir  he  hesitated  to  draw  lines  separat- 
ing the  various  divisions  of  the  Lower  Silurian  series. 

Since  that  time  very  little  systematic  work  has  been  done  on 
the  pre-Carboniferous  rocks. 

One  little  portion  about  Glyn  Ceiriog  has  recently  been 
mapped  by  Dr.  T.  Groom  and  Mr.  P.  Lake,  J  and  we  must  wait 
until  the  other  areas  have  been  similarly  treated  before  we  can 
say  that  the  Berwyns  are  satisfactorily  known. 

The  Carboniferous  rocks  on  the  east  have  received  more 
attention,  and  they  have  been  very  fully  described  by  Messrs.  G. 
H.  Morton,§  D.C.Davies,||  the  Rev.  J.  Yates,f  Dr.Wheelton  Hind, 
Mr.  G.  T.  Stobbs,**  and  others. 

With  so  little  that  is  known  and  so  much  to  learn  regarding 
the  older  rocks,  little  can  be  done  beyond  pointing  out  problems 
to  be  solved,  and  it  is  better  to  do  this  rather  than  express 
opinions  on  imperfect  data.  If  read  in  this  spirit  the  remarks 
which  follow  may  at  least  provide  matter  for  observation  and 
discussion. 


•  Quart.  Joum,  Geol.  ^oc,  vol.  1, 1845,  p.  la. 

t  M*m,  of  Geol.  Surv,  of  Grtai  Britain^  voL  lii,  x866. 

X  Abs.  Proc.  Gtol.  Soc.  of  London^  No.  863,  May,  190J 
iS  been  issued  up  to  the  present. 

9  "  The  Carboniferous  Limestone  and  Cefti-y-Fedw  S 
•^lanymynech  and  Minera,  North  Wales/'  D.  Boyne,  L^tj««wu,  <u/y. 

I|  "  On  the  Discovery  of  Fossils  in  the  Millstone  Grit  near  Oswestry,"  R*p.  Oswtstry 
and  WtUkpool  Nat,  Field  Club,  i860,  p.  44 

T  "  Observations  on  the  Structure  of  the  Border  Country  of  Salop  and  North  Wales, 
and  of  some  Detached  Groups  oi  Transition  Rocks  in  the  Midland  Counties,"  Trans. 
Geol.  Soc,  Series  2,  vol.  ii,  p.  237. 

**  "  The  Carboniferous  .Succession  below  the  Coal  Measures  in  North  Shropshire, 
Denbighshire,  and  Flintshire/'  Geol.  Mag,,  Dec.  ▼,  vol.  iii,  1906. 


t  Abs.  Proc.  Geol.  Soc.  of  London,  No.  863,  May,  1908.  Only  an  abstract  of  the  paper 
has  been  issued  up  to  the  present. 

9  "  The  Carboniferous  Limestone  and  Cefti-y-Fedw  Sandstone  of  the  country  between 
Llanymynech  and  Minera,  North  Wales/'  D.  Boyne,  London,  1879. 
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According  to  Jukes*  "  the  Lower  Silurian  rocks  of  the  Berwyn 
Hills  form  an  imperfect  dome,  or  rather  an  irregular  and  broken 
curve,  the  anticlinal  axis  of  which  follows  a  bent  line  about  24  miles 
in  length.  The  eastern  end  of  this  dome  has  been  cut  away  by 
denudation,  and  is  overlapped  by  the  Carboniferous  Limestone  west 
of  Oswestry.  From  the  limestone  the  axis  runs  by  Llangadwaladr, 
Craig-y-Glyn,  and  Llangynnog,  to  the  base  of  th^  Wenlock  series, 
a  little  north  of  Garthbibio."  He  regards  the  Berwyn  anticline 
as  one  of  a  series  which  affect  North  Wales,  and  on  p.  215  of  the 
same  Memoir  he  states  :  "  Taken  in  connexion  with  each  other,  the 
three  districts  of  Merionethshire,  the  Berwyns,  and  the  Longmynd 
form  three  great  anticlinal  curves  with  synclinal  bends  between  ; 
but  in  the  middle  boss  of  the  Berwyns  the  upward  bend  has  not 
been  sufficient  to  bring  the  Lingula  Flags  and  the  Cambrian  rocks 
to  a  level  where  they  might  be  exposed  by  the  denudation  of  the 
overlying  Silurian  strata." 

The  hills  forming  the  northern  and  western  margins  of  the 
dome  dip  into  synclines,  which  bring  in  the  upper  beds  of  the 
Bala  series  and  the  Denbigh  grits. 

At  the  south-west  corner  near  Hirnant  a  similar  syncline  is 
seen,  but  the  beds  are  reversed  and  present  an  overfold  towards 
the  interior. 

The  dome  may  be  regarded  as  the  result  of  cross  folding. 
The  first  folding  probably  took  place  in  Devonian  times,  when 
what  is  now  the  axis  of  the  dome  was  ridged  up  into  an  anticline 
running  N.E.— S.W. 

Complementary  to  this  ran  synclines,  one  on  the  north-west, 
parallel  with  the  Bala  fault,  and  the  other  running  on  the  south- 
east through  the  IJanfyllin  area.  The  axis  of  folding  is 
Caledonian  in  direction. 

Then  followed  a  period  when  denudation  reduced  the  anti- 
cline, leaving  the  synclines  standing  as  ridges  of  high  ground.  We 
know  that  the  whole  of  the  Silurian  was  removed  from  the  anti- 
cline before  the  Carboniferous  Limestone  was  laid  down,  for  it 
rests  on  the  Silurian  rocks  in  the  north,  and  overlaps  older 
formations  where  it  crosses  the  axis  of  the  dome  (Fig.  35). 

In  post-Carboniferous  times  folding  again  took  place  along 
a  north  and  south  axis  parallel  to  the  Pennines.  The  anticline 
of  the  Pennines  dips  into  a  syncline  under  the  Cheshire  plain, 
and  then  rises  towards  an  anticline  over  what  is  now  the  centre 
of  the  Berwyn  dome.  At  this  period  the  Carboniferous  rocks 
on  the  east  of  the  Berwyns  were  tilted  and  received  their  easterly 
dip. 

Now  let  us  consider  the  effects  of  a  wave  progressing  from  the 
east  and  meeting  the  rocks  already  folded  in  a  N.E.-S.W.  direction. 
The  synclines  of  the  Berwyns  being  solid  and  resistant  would  act 
as  horsts,  against  which  the  north  and  south  wave  would   be 

*  Ramsay's  '*  Geology  of  North  Wales/'  Edit  of  x866,  p.  a  13. 
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deflected  as  a  left-handed  torse. 
The  strike  of  the  beds  clearly  shows 
this  movement,  and  the  over-fold  in 
the  south-west  corner  may  have  re- 
sulted from  the  torsional  effects  set 
up  against  the  southern  syncline. 
Where  the  north  and  south  fold 
infringed  on  the  northern  horst 
near  Cader  Berwyn  we  find  a  series 
of  virgating  faults  which  have  thrust 
back  the  various  beds  towards  the 
middle  of  the  dome.  Where  anti- 
cline crossed  anticline  we  should 
expect  an  upward  bulging  of  the 
strata,  and  in  this  region  the  lowest 
beds  have  been  brought  within  the 
range  of  denuding  forces. 

It  is  along  the  anticlinal  axis  of 
Caledonian  folding  that  most  of  the 
igneous  rocks  of  the  Berwyns  occur, 
and  one  cannot  help  surmising  that 
the  lessened  pressure  due  to  uplift 
may  have  left  areas  into  which  the 
deep-seated  rocks  under  the  syn- 
clines  would  be  thrust  It  is 
significant  that  the  igneous  rocks 
never  invade  the  synclinal  areas. 
They  are  in  greatest  force  near  the 
centre  of  the  dome,  where  they 
take  the  form  of  compact  felsites, 
whereas,  on  the  margins  where 
the  beds  are  dipping  towards 
the  synclines,  there  is  a  series  of 
thin  bands  which  follow  the  bed- 
ding with  remarkable  regularity, 
and  as  they  are  fragmental  in  places 
they  have  been  described  as  contem- 
poraneous volcanic  ashes. 

It  is  highly  probable  that  move- 
ment on  an  important  scale  has 
taken  place  along  the  same  lines  in 
later  times,  for  the  Bala  fault  in  its 
extension  towards  the  east  displaces 
the  Carboniferous  Limestone  at 
Caergwrle,  and  the  same  line  of  dis- 
location continued  under  the  Trias 
of  the  Cheshire  plain  is  met  with 
again  on  the  flanks  of  the  Pennincs. 
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Post-Triassic  folding  parallel  with  the  Pennine  axis  is  seen 
in  the  Vale  of  Clwyd  and  in  the  Cheshire  and  Shropshire  areas, 
and  traces  of  this  niay  perhaps  be  found  in  the  Berwyns. 

The  Carboniferous  rocks  from  Llanymynech  to  Llangollen 
are  disturbed  by  a  series  of  important  faults,  having  an  east  and 
west  trend.  This  means  a  folding  parallel  with  the  Armorican 
axis,  and  it  may  be  correlated  with  the  movements  which  caused 
the  Carboniferous  Limestone  of  Staffordshire  to  dip  under  the 
Trias  of  the  Midlands. 

In  the  north-east  part  of  the  area  very  few  faults  are  recorded 
on  the  Survey  Maps,  but  by  patient  mapping  Messrs.  Groom  and 
Lake  have  shown  that  in  the  Glyn  district  numerous  faults  occur, 
the  principal  of  which  have  an  east  and  west  trend.  Some  of 
these  may  be  the  continuations  of  those  which  have  affected  the 
Carboniferous  Limestone. 

The  sheared  condition  of  the  rocks  makes  it  evident  that  great 
movements  have  taken  place,  but  we  must  wait  for  more  detailed 
mapping  before  definite  conclusions  can  be  drawn. 

Llandeilo    Series. 

The  lowest  beds  which  occur  in  the  Berwyns  are  the 
Llanrhaiadr  Shales  of  Llandeilo  age.  They  are  well  exposed 
in  the  neighbourhood  of  Llanrhaiadr-yn-Mochnant  in  the  banks 
of  the  stream  south  of  the  church,  on  the  roadside  along  the 
banks  of  the  Rhaiadr,  and  in  road  cuttings  leading  from 
Llanrhaiadr  to  Craig-y-Glyn. 

The  shales  are  nearly  black,  and  break  into  cuboidal 
masses  which  exfoliate  into  rounded  pieces.  They  have  been 
affected  by  cleavage  to  a  very  small  extent.  Numerous  bands 
of  grit  are  interbedded  with  the  shales,  and  when  they  are 
crumpled  into  folds,  as  along  the  course  of  the  Rhaiadr,  the  grit 
bands  are  sheared  into  lenticles  at  anticlines  while  they  persist 
as  continuous  bands  in  the  synclines.  So  far  the  shales  have 
yielded  no  fossils. 

At  Craig-y-Glyn  they  are  seen  to  dip  under  limestones  400  to 
500  feet  thick,  which  dip  25*^  S.E.  In  their  lower  parts  the 
limestones  are  laden  with  Asaphus  iyrannus,  encrinites  and  corals, 
and  in  their  higher  portions  Trinudeus  concentricus^  Addaspis^ 
Leptana  sericea^  Orthis  turgida,  and  other  fossils  occur.  The 
insoluble  portion  of  the  limestone  after  treatment  with  hydrochloric 
acid  consists  of  zircon,  ilmenite,  kyanite,  quartz,  orthoclase,  and 
diopside. 

The  Upper  Llandeilo  Shales  succeed  the  limestone  con- 
formably, and  these  again  give  place  to  beds  of  Bala  age. 

Bands  of  igneous  rocks  occur  at  various  horizons,  both  in  the 
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Llandeilo  and  Bala  beds.  These  will  be  considered  later  when 
the  various  sedimentary  members  of  the  series  have  been  passed 
in  review. 

Bala  Series. 

With  our  present  knowledge  it  is  impossible  to  give  the  exact 
limits  of  the  Llandeilo  and  Bala  formations.  The  beds,  how- 
ever, are  by  no  means  unfossiliferous,  and  systematic  collecting 
would  soon  lead  to  important  results.  Generally,  it  may  be 
taken  that  the  soft  black  shales  in  the  middle  of  the  area  are 
Llandeilo,  and  the  Bala  forms  a  ring  all  round  them. 

The  Bala  slates,  as  a  rule,  are  imperfectly  cleaved,  but  in  the 
neighbourhood  of  the  igneous  rocks  at  Cader  Berwyn  and  Craig 
Rhiwarth,  near  Llangynog>  workable  slates  are  obtained.  Bands 
of  grit  are  interbeddcd  with  the  slates  at  various  horizons,  some 
of  which  are  very  massive,  and  they  have  been  quarried  for  road 
metal. 

In  the  Glyn  area  Messrs.  Groom  and  Lake  recognise  the 
following  sub-divisions  of  the  Bala  and  overlying  Silurians. 
Thanks  to  these  workers,  we  now  have  a  typical  district  well 
described,  and  this  will  serve  for  comparison  with  other  areas. 

The  sequence,  according  to  the  authors,*  is  as  follows  : 

Denbighshire  Slates. 

Ty-Draw  Slates,  with  Monograptus  marri    .         .         ,         .\      Tarannon 

Fron-Frys  Slates,  with  Pentamtrus  undatus^  Merisiina  cf.  V  and 

crassa^  NiduliUs  favus^  etc )    LLANDOVERY. 

Gly„.Valley  Series  {  g)  gl^^^H-d  U^en^^e^^^^ . 

hisingeri^  Ramipora  hochstttterty  TrinucUus 
settcorniSy  species  of  Cybde,  Chitrurus^  Remo- 
pleurides^      and      numerous      cystids,      corals, 

brachiopoda,  etc 

Graptolite-Slates,  with  Dicelhgraptus  elegans 

Gap. 

/(/)  Pen-y-Graig  Ash 

(d')  Bryn  -  Beds,  with  Titradella  ccmplicata^ 
Pkacops  apiculaiuSy  TrinucUus  concen/ricus, 
TripUsia      spir  if er aides  ^       Rafinesquina 

H  ungiila^  etc 

{c)   Craig-y-Pandy  Ash 

lb)  Teirw   Beds,  with   Lingula   tenuigranulata^ 

BelUrophon  nodosus^  Asaphus  powisi^  etc. 

\(«)  Cwm-Clwyd  Ash 


Pandy 
Series. 


Bala. 


The  Teirw  Beds  are  correlated  with  the  Roman  Fell  group  of 
the  Lake  District,  and  the  Bryn  Beds  with  the  Sleddale  Beds.  An 
important  fault  running  along  the  strike  of  the  beds  has  been 
shown  to  exist  between  the  Graptolite- slates  and  the  overlying 
Ddolhir  Beds.     The  Bala  Limestone  is  well  exposed  in  a  quarry 

•  Abs.  Proc.  Geol.  Soc.  of  London,  No.  863,  1908. 
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near  Ddolhir.  It  is  divided  by  thin  shales  into  beds,  and 
differential  shearing  along  the  shales  has  drawn  out  the  limestone 
into  lenticles.  Under  the  microscope  the  rock  is  finely  granular, 
and  shows  that  crushing  has  affected  its  most  intimate  structure. 
Fragments  of  shells,  encrinite  stems  and  corals  are  abundant,  and 
in  places  great  bunches  of  Halysites  occur. 

Outside  the  sheared  zone  the  beds  have  suffered  decalcification, 
and  the  fossils,  which  are  found  in  great  profusion,  mostly  occur 
as  casts. 

Near  Milltir-gerig  the  limestone  is  phosphatic,  and  has  been 
worked  in  tunnels,  but  quite  close  to  the  works  where  the  limestone 
crosses  the  stream  and  causes  a  little  waterfall,  it  is  decalcified. 

The  same  features  are  observed  all  round  the  outcrops,  and  it 
is  only  in  certain  localities  that  it  appears  as  a  true  limestone. 

Lower  Llandovery  Beds  have  never  been  recorded  from  the 
Berwyns,  but  the  Upper  Llandovery  is  represented,  according  to 
Messrs.  Groom  and  Lake,  in  the  strata  intervening  between  the 
Bala  Limestone  and  Tarannon  shales.  They  can  be  readily 
examined  in  the  old  slate  quarries  west  of  the  Selattyn  road. 
The  Ordovician  rocks  are  everywhere  bordered  by  a  band  of 
Tarannon  shales,  which  lead  upwards  to  the  Denbighshire  grits 
and  slates  of  Wenlock  age. 

SlLURL\N. 

Denbigh  Grits  and  Slates  fill  the  synclines  which  exist  as  a 
ring  round  the  dome.  The  sequence  is  broken  or  rather  con- 
cealed under  the  Carboniferous  rocks,  and  in  the  south-east 
corner  they  have  been  denuded. 

Before  the  uplift  of  the  anticlinal  areas  they  must  have 
covered  the  whole  of  the  Berwyn  area. 

At  Glyn  very  extensive  slate  mines  are  now  being  worked  in 
this  formation,  and  along  the  same  strike  at  Glyndyfrydwy  and 
other  places  to  the  west  quarrying  operations  are  also  carried  on. 

North  and  west  of  Llangollen  the  same  beds  come  in  in  great 
force,  rolling  into  a  series  of  minor  folds  before  rising  to  the 
anticline  of  Cyrn-y-Brain. 

About  Llangollen  and  in  other  restricted  areas  they  are 
fossiliferous,  containing  such  forms  as  Orthoctras  primavum  ; 
O,  ventricosum^  Cardiola  interrupta^  Aciinocrinus  pulcher,  a  few 
Graptolites  and  other  forms. 


Carboniferous  Limestone. 

The  basement  beds  of  the  Carboniferous  series  lie  uncon- 
formably  on  the  Denbigh  slates  on  the  line  of  a  minor  anticline 
about  two  miles  north  of  Llangollen.   The  strike  of  the  underlying 
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slates  is  east  and  west,  and  that  of  the  Carboniferous  north  and 
south.  Morton  gives  the  thickness  of  the  basement  beds  as 
about  300  ft.  They  are  not  well  exposed,  but  can  be  seen  at  the 
foot  of  the  Eglwyseg  Rocks  near  Dinbren  Uchaf,  and  the  red 
colour  of  the  soil  in  the  adjoining  fields  indicates  their  extent. 
They  consist  of  dark  red  sandstones  and  conglomerates,  which 
contain  angular  and  rounded  fragments  derived  from  the  Silurian 
rocks. 

Immediately  above  the  basement  beds  the  Carboniferous 
Limestone  rises  in  the  great  scarp  of  Craigiau  Eglwysegle,  and 
proceeding  eastwards  with  the  dip  we  traverse  the  whole  suc- 
cession of  the  Carboniferous  rocks  so  far  as  it  is  developed  in 
North  Wales.  The  photograph  by  Mr.  G.  Bingley,  which  is 
reproduced  as  Plate  XXV,  gives  a  view  of  the  escarpment. 

Mr.  G.  H.  Morton  classifies  the  various  beds  according  to 
their  lithological  characters,  and  the  following  table*  may  be 
taken  as  showing  the  order  which  is  maintained  throughout  the 
district.     The  thickness  only  applies  to  the  Llangollen  area. 

TABULAR  VIEW  OF  THE  CARBONIFEROUS  LIMESTONE  AND 


CEFN-Y-FEDW  SANDSTONE 
LLANGOLLEN.t 


IN  THE  COUNTRY  AROUND 


Cefn-v-Fedw 
Sandstone. 


^ 


Upper 


mpcr 
Con- 


/' Aqueduct  Grit  or 
Sandstone  and 
glomerate 

Upper  Shale 

Dee  Bridge  Sandstone 

Lower  Shale,  with  Fire 
Clay  and  Bands  of  Lime> 
stone       .... 

Middle  Sandstone 

Cherty  Shale 

Lower  Sandstone  and  Con- 
glomerate 
^  Sandy  Limestone 

(Upper  Grey  Limestone 
Upper  White  Limestone    . 
Lower  White  Limestone    . 
Lower  Brown  Limestone    . 


Feet 


Upper  Cefn-y-Fedw, 

Dee  Bridge, 

or 

Millstone  Grit 

Series. 

Middle  and  Lower 

Cefn-y-Fedw, 

or 

Yoredale 

Series. 

Upper  Carboniferous 

Limestone. 

Lower 

do. 


1923 
Upper  Old  Red  Sandstone    300 
[=s  Carboniferous  Basement  Beds.] 

Morton  also  gives  full  lists  of  the  fossils  collected  from  each 
sub-division,  and  these  have  formed  the  basis  of  a  new  classifi- 
cation based  on  palaeontological  grounds  by  Dr.  Wheelton  Hind 
and  Mr.  J.  T.  Stobbs.J 

During  a  recent   examination   of  the  beds,   in  which   Dr. 

*"The  Carbcnlferous  Limestone   and   Cefh-y-Fedw   Sandstone  of  the   Coantry 
between  Llanymynech  and  Mioera/'  p.  25. 
i  See  the  section,  Fig.  37.  p.  499. 
X  G*ol.  Mag.,  Dec.  v,  vol.  iil,  1906,  p.  385. 
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Wheelton  Hind  and  Dr.  A.  Vaughan  took  part,  data  were 
obtained  which  enabled  these  workers  to  zone  the  limestones  and 
overlying  beds  according  to  the  type  sections  described  by  Dr. 
Vaughan  in  the  Avon  sequence.  The  Tournasian,  as  developed 
in  the  typical  Avonian  section  is  not  repre.sented.  The  district 
was  not  submerged  until  the  beginning  of  Visean  times.  It  is 
interesting  to  note  that,  when  depression  began  to  take  place  in 
North  Wales,  movements  were  also  in  progress  in  the  south,  which 
gave  rise  to  an  unconformity.  The  lowest  beds  in  the  Llangollen 
district  are  found  to  be  mainly  of  Di  age,  but  they  may  also 
embrace  a  part  of  the  Sem inula  zone.  About  the  top  of  the 
Lower  White  Limestone  of  Morton  the  zone  of  D2  comes  in  and 
extends  to  the  summit  of  the  Upper  Grey  Limestone. 

The  Sandy  Limestone  has  suffered  decalcification,  but  it 
contains  a  fauna  characteristic  of  D3. 

The  Middle  and  Lower  Cefn-y-Fedw  Series  are  correlated 
with  the  Pendleside  Series  of  Dr.  Hind,  and  the  overlying  sand- 
stones and  shales  with  the  Millstone  Grit. 

The  Carboniferous  Limestone  attains  its  maximum  thickness 
in  the  Eglwyseg  rocks.  At  Fron-y-Cysyllte,  on  the  south  side  of 
the  Dee  and  only  a  few  miles  from  Llangollen,  the  lower  600  ft. 
are  unrepresented,  and  the  Upper  White  Limestone  rests  directly 
on  the  Silurian.  At  Bron-y-Garth,  Craignant,*  Llawnt,  and 
Trefiach  Wood  the  Upper  Grey  Limestone  forms  the  base 
of  the  series,  while  the  Upper  White  comes  in  again  at  Nant 
Mawr  and  Porth-y-Waen,  and  still  farther  to  the  south,  at 
Llanymynech,  the  Lower  White  Limestone  is  developed.  Thus, 
on  proceeding  southwards  along  the  strike  of  the  beds  from  Llan- 
gollen to  Llanymynech  we  find  an  area  in  the  middle  where  only 
the  upper  beds  were  deposited.  This  suggests  that  a  ridge  of  land 
at  least  600  ft.  in  height  stood  above  the  water  when  the  lower  beds 
were  laid  down.  It  is  interesting  to  note  that  this  ridge  corresponds 
in  position  and  direction  with  the  anticlinal  arch  of  the  Berwyn 
dome.  North  of  the  ridge  a  bay  ran  up  into  the  interior  at  least 
as  far  as  Corwen,  and  another  embayment  existed  to  the  south 
near  Llanymynech.  The  section  (Fig.  35,  page  480)  is  not  taken 
in  a  direct  N.  and  S.  line,  but  follows  the  westerly  face  of  the 
Carboniferous  escarpment  It  represents  the  lie  of  the  beds  if  we 
consider  the  limestones  to  be  replaced  in  the  positions  they 
occupied  before  the  displacements  caused  by  the  east  and  west 
faults  The  top  of  the  Upper  Grey  Limestone  has  been  chosen 
as  a  datum  line  from  which  the  measurements  of  the  various 
beds  have  been  taken. 

All  along  the  strip  of  Carboniferous  rocks  the  beds  show  a 
persistent  easterly  dip,  and  the  higher  members  of  the  series  crop 

*  The  photograph  by  Mr.  G.  Blngley,  which  is  reproduced  as  Plate  XXVI,  shows  a 
Jarge  colony  of  Lithostrotion  irrtgulare  in  the  Carboniferous  Limestone  at  Craignant 
Quarry.    Tne  scale  in  the  photograph  represents  Inches. 
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out  towards  the  east  Thus  in  the  section  (Fig.  35)  which  runs 
along  the  strike  they  are  represented  by  horizontal  lines. 

It  is  mentioned  above  that  the  sandy  beds  above  the  lime- 
stones have  been  decalcified,  and  represent  horizons  developed  in 
the  north  of  England  as  true  limestones. 

Morton*  clearly  had  this  in  mind  when  he  doubted  in  some 
instances  whether  they  should  be  included  with  the  Carboni- 
ferous Limestone  or  with  the  Cefn-y-Fedw  Sandstones.  Good 
sections  are  rarely  exposed,  but  in  the  neighbourhood  of  Oswestry 
Racecourse  at  Underbill,  and  in  Allinson's  Quarry  at  Cwm  Sych 
they  have  been  worked  mainly  for  the  cherty  bands  which  occur 
interbedded  with  the  sandy  beds.  At  Allinson*s  Quarry  a  rich 
fauna  has  been  obtained  with  such  forms  as  Actinoconchus 
planosulcatusy  Caninia  campophyllum^  Cyathaxonia^  Productus 
concinnus,  and  other  fossils  which  characterise  a  D3  assemblage. 

We  have  no  proof  that  any  part  of  the  Berwyns  has  been 
under  the  sea  since  Carboniferous  times.  Newer  rocks,  including 
Coal  Measures,  Permian  Sandstone  and  Trias,  appear  to  the  east, 
and  only  fifteen  miles  from  Oswestry  Rhaetic  and  Liassic  beds 
occur.  It  is  highly  probable  that  the  Liassic  sea  washed  the 
flanks  of  the  eastern  hills,  but  no  trace  of  the  deposits  laid  down 
are  to  be  seen.  What  is  concealed  under  the  drift  we  do  not 
know,  but  there  is  not  wanting  evidence  which  suggests  that  the 
patch  of  Lias  near  Whitchurch  is  only  one  of  a  series,  and  others 
exist  under  the  glacial  deposits  of  the  Cheshire  plain. 


Gl.\cial  Deposits. 

Two  distinct  types  of  Drift  are  found  in  the  Berwyn  area. 
One  resembles  the  accumulations  spread  over  the  lowlands  of 
Lancashire  and  Cheshire,  and  indicates  a  transport  of  materials 
from  the  north,  the  other  is  exclusively  of  Welsh  origin. 

The  Welsh  Drift  has  a  dark  matrix  and  never  contains  marine 
shells.  It  is  not,  properly  speaking,  a  clay,  but  consists  mainly  of 
finely  comminuted  slates  mixed  with  sand.  The  boulders  con- 
tained in  the  matrix  are  of  Welsh  origin,  and  in  the  Berwyns 
the  parent  rocks  are  always  found  to  the  west.  This  fact,  in 
conjunction  with  the  trend  of  the  glacial  striae,  points  to  a  move- 
ment of  ice  from  the  high  grounds  forming  the  western  borders, 
and  boulders  from  the  Arenigs  still  farther  west  prove  that  even 
these  heights  were  overridden. 

Considering  the  North  Wales  Drift  as  a  whole  we  find  that  in 
the  earlier  part  of  the  glacial  period  the  mountainous  land  on  the 
west  became  covered  with  ice.  With  the  extension  of  the  cold, 
glaciers  were  formed  which  crept  down  the  low  grounds  as  valley 

•  op.  cit.,  p.  122. 
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glaciers.  Then  they  become  confluent,  and  a  radiant  point  was 
set  up  in  the  neighbourhood  of  the  Arenigs  from  which  the  ice 
shed  towards  the  Irish  Sea  on  the  north,  towards  St.  George's 
Channel  on  the  west,  while  eastwards  great  tongues  debouched 
into  the  Cheshire  and  Shropshire  plains  and  reached  far  into  the 
Midlands. 

Then  the  northern  ice,  after  invading  the  Irish  Sea  and  filling 
it  to  overflowing,  welled  over  the  low  grounds  of  Lancashire  and 
Cheshire  into  the  Midlands.  It  reached  the  coasts  of  North 
Wales  and  laid  down  the  detritus  which  now  forms  the  narrow 
coastal  plain  at  the  foot  of  the  hills.  The  high  ground  near  the 
coast  offered  too  great  a  resistance  for  the  northern  invader  to 
penetrate  far  into  the  interior,  but  where  wide  embayments 
opened  to  the  north,  as  in  the  Vale  of  Clwyd,  or  gentle  slopes 
reached  down  to  the  sea,  as  in  the  neighbourhood  of  Carnarvon, 
the  ice  overrode  the  country  to  a  considerable  extent,  reaching  as 
far  as  Denbigh  in  the  Vale  of  Clwyd,  and  to  the  summit  of  NIoel 
Tryfaen  south  of  Carnarvon. 

As  no  effective  outlet  was  found  towards  the  interior  of  the 
country  the  northern  ice  was  compelled  to  split  into  two  streams, 
one  turning  westwards  over  Anglesey  and  the  other  eastwards 
along  the  coast  till  it  became  confluent  with  the  main  stream 
progressing  over  Lancashire  and  Cheshire.  The  course  of  this 
component  of  the  northern  ice  is  marked  by  glacial  deposits  on  the 
Welsh  border  hills,  which  in  places  reach  an  altitude  of  1,300  ft. 

With  the  approach  of  the  northern  invader  the  native  Welsh 
ice  shrank  back  to  its  mountain  fastnesses  and  dwindled  into 
small  valley  glaciers.  On  the  North  Wales  coast  at  Penmaen- 
mawr,  and  on  the  Border  Hills  above  Ruabon  the  two  drifts  can 
be  seen  in  conjunction.  The  northern  always  overlies  the 
Welsh,  thus  proving  their  relative  ages. 

Clear  signs  of  the  retreat  of  the  Welsh  glaciers  are  seen  in  the 
valleys.  Where  they  halted  for  a  time  moraines  stretch  across 
the  valleys.  The  Clwyd,  the  Dee,  the  Ceiriog  and  the  Tanat 
have  all  breached  these  mounds,  and  provided  good  sections  for 
examination. 

The  northern  ice  moving  southwards  across  the  valley  mouths 
of  the  Dee  and  Ceiriog  obstructed  the  drainage.  Hence  lakes 
were  formed  which  overflowed  from  one  valley  to  another. 

The  district  has  not  been  critically  examined  for  evidences  of 
the  existence  of  overflow  channels,  but  one  near  Selattyn,  with  a 
valley  floor  1,157  ft.  above  sea  level,  is  an  evident  case. 

In  the  heart  of  the  Berwyns  the  deep  valleys  show  very  clear 
signs  of  glacial  action.  Besides  the  moraines  mentioned  above, 
hanging  lateral  valleys,  caused  by  the  overdeepening  of  the  main 
channels,  abound,  and  the  sudden  steepening  of  the  valley  slopes 
on  descending  to  lower  levels  is  very  significant. 

Standing  on  an  eminence  such  as  the  Eglwyseg  Rocks,  and 
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looking  up  the  Dee  Valley,  we  see  inosculating  spurs  caused  by 
the  windings  of  the  river.  They  descend  from  the  mountains 
with  even  and  gentle  slopes  down  to  about  the  i,ooo  ft.  contour. 
Then  they  fall  suddenly  and  form  a  U  shaped  trough  within  the 
older  valley.  The  spurs,  too,  which  in  an  unglaciated  country 
are  sharp-pointed  and  run  down  to  the  floor  of  the  valley  are 
blunted  and  worn  and  present  steep  cliff  like  terminations. 

If  we  examine  a  contoured  map  we  find  that  in  some  valleys 
the  contours  below  i,ooo  ft.  are  almost  straight  and  show  little  or 
no  indentations  toward  lateral  valleys.  Above  this  level  the 
contours  curve  inwards  with  the  valleys.  With  normal  drainage 
the  reverse  is  the  case,  and  the  contours  are  more  deeply  indented 
at  the  lower  levels. 

In  the  neighbourhood  of  Llangynog  there  are  a  number  of 
waterfalls  of  sufficient  importance  to  claim  a  name  on  the  i-inch 
Ordnance  Map.  These  are  Pistyll  Gyfyng,  or  Pistyll  Cwm  Llech, 
Pistyll  Cablyd,  Pistyll  Blaen-yCwm,  and  Pistyll  Rhaiadr.  All 
these  are  on  the  i,ooo  ft.  contour. 

At  Pistyll  Rhaiadr  a  band  of  felsite  occurs  over  which 
the  water  falls  210  ft.,  and  the  sui>erior  hardness  of  this  band, 
compared  with  the  neighbouring  slates,  may  have  had  some 
influence  in  determining  the  position  and  persistence  of  the  water- 
fall. No  such  disturbing  factor  can  be  adduced  in  the  other 
instances  for  they  are  not  associated  with  igneous  rocks. 

The  evidence  seems  to  be  irresistible  that  the  ice  which  filled 
the  valleys  exerted  a  powerful  erosive  action  and  has  deepened 
some  of  them  to  the  extent  of  300  to  400  ft. 

In  the  highest  ground  at  Craig  Berwyn  and  Moel  Sych,  the 
beautiful  cirques  with  steep  cliffs  over  600  ft.  high  may  also  be 
cited  as  proofs  of  glacial  erosion. 

Llyn  Llyn  Caws,  a  dark  and  gloomy  lake,  nestles  under  the 
steep  crags  of  the  Moel  Sych  cirque. 

The  northern  drift  consists  of  brown  boulder  clay  with  inter- 
calated and  irregular  bands  of  sands  and  gravels.  Speaking 
broadly  the  Boulder  Clay  is  characteristic  of  the  lowlands,  but  in 
places  it  is  found  to  a  height  of  800  ft.  The  sands  and 
gravels  come  in  with  greater  force  in  the  higher  grounds,  where 
they  form  great  hummocky  mounds  or  eskers  which  reach  an 
altitude  of  1,300  ft.  Isolated  boulders  of  northern  origin  (mainly 
Eskdale  granite),  are  found  on  the  hills  above  Selattyn  at  about 
the  same  level. 

The  clays  contain  erratics  of  a  Northern  type,  and  are 
characterised  by  the  presence  of  marine  shells,  mostly  frag- 
mentary. 

Mr.  A.  C.  Nicholson*  of  Oswestry  has  described  the  sands  and 
gravels  so  well  developed  at  Old  Oswestry  and  Glopa,t  and  the 

*  "On  High  Level  Glacial  Gravels  at  Gloppa,"  Quart,  Journ,  GtoU  Soc^  XB93,  vol. 
xlvHL  p.  86. 

t  xne  word  is  spelt  '*  Glopa  **  in  the  Ordnance  Map.    Nicholson  renders  it  **  Gloppa." 
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section  he  gives  (Fig.  36)  is   reproduced  by  permission  of  the 
Council  of  the  Geological  Society. 

The  Glopa  gravels  occur  at  an  altitude  of  1,130  ft  They 
have  been  extensively  worked  to  provide  material  for  the  filter 
beds  of  the  Liverpool  Corporation  Waterworks,  and  good  sections 
are  exposed.  No  definite  bedding  can  be  made  out  in  the 
series  as  a  whole.  They  consist  of  coarse  gravel  with  waterwom 
boulders,  fine  gravel,  sand  and  boulder  clay.  The  fine  gravel 
and  sands  are  sometimes  false  bedded,  but  the  bands  rarely 
persist  more  than  a  few  feet.  The  Boulder  Clay  occurs  in 
patches  at  all  horizons  and  is  frequently  sheared  round  the  larger 
erratics.  Among  the  erratics  there  is  a  striking  preponderance  of 
boulders  of  Eskdale  granite.  Other  Lake  District  rocks,  such  as 
the  Buttermere  granophyre  and  Andesitic  agglomerate  of  the 
Borrowdale  type,  are  also  common.  From  South  Scotland  we  get 
granites  from  Dalbeattie  and  Criffel.  Carboniferous  Limestone, 
Canister,  Coal,  Cherts,  Triassic  Sandstone,  Bala  Slates  and  Grits, 
and  Welsh  Felsites  have  evidently  been  derived  from  more  local 
sources. 

Marine  shells  occur  mainly  in  the  sands.  They  are  by  no 
means  common  nor  are  they  well  preserved.  Nicholson*  gives  a 
list  of  about  fifty  species  of  fossils  which  he  collected  after  long 
and  patient  searching  of  the  beds  when  they  were  more 
vigorously  worked  than  at  present. 

The  fauna  bears  a  striking  resemblance  to  that  contained  in 
similar  beds  on  Moel  Tryfaen,  and  the  majority  of  the  species 
have  been  recorded  from  the  drifts  of  Lancashire  and  Cheshire. 
"  A  notable  find  was  a  portion  of  a  tusk  of  Elephas  which  was 
discovered  in  the  contorted  strata  in  the  upper  part  of  the 
deposit." 

He  also  lists  remanie  fossils  from  Silurian,  Carboniferous 
Lias,  and  Gault  and  Chalk  formations. 

The  Silurian  and  Carboniferous  fossils  can  easily  be  accounted 
for  as  the  ice  must  have  overridden  strata  of  these  ages  in  order 
to  reach  the  position  in  which  they  are  found.  Boulders  of  flints 
and  hard  chalk  resembling  Antrim  types  may  have  come  from 
Ireland.  I  can  confirm  the  occurrence  of  Lias  fossils  as,  on  a 
recent  visit,  I  found  Ammonites  communis  and  Gryphea  incurva. 
These  have  probably  been  derived  from  outliers  of  this  age  which 
are  now  hidden  under  the  Boulder  Clays  to  the  north.  (See 
p.  486). 

At  Old  Oswestry  precisely  similar  shelly  sands  and  gravels  are 
found  at  an  elevation  of  540  ft. 

It  is  not  worth  while  discussing  the  theories  which  have  been 
advanced  to  account  for  the  high  level  shelly  sands  and  gravels. 
It  is  generally  recognised  by  geologists  that  they  were  ice-borne 
and  that  the  country  stood  at  about  the  same  level  as  at  the  present 

♦  op,  ciU,  p.  91. 
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day.  The  shells  are  true  boulders  (some  of  them  show  glacial 
striae),  and  the  same  agent  which  could  uplift  Triassic  Sandstones 
from  the  low  grounds  could  also  bring  shells  from  the  bed  of  the 
Irish  Sea  into  their  present  position. 

IGNEOUS    ROCKS. 

It  now  remains  to  consider  the  igneous  rocks  which  occur  in 
the  Berwyns.  They  may  be  roughly  divided  into  three  series. 
The  first  is  found  in  the  central  anticlinal  area  ;  the  second  forms 
a  peripheral  series  which  extends  in  an  almost  unbroken  sequence 
round  the  margins  of  the  dome;  the  third  is  developed  as  a 
number  of  sills  and  dykes  in  the  northern  and  north-westerly 
regions. 

I.     Central  Series. 

These  rocks  occur  in  force  near  Llangynog  and  in  a  strip  of 
country  to  the  north-east  of  that  town.  On  the  Survey  map  they 
terminate  at  a  fault  which  runs  along  the  Iwrch  Valley.  At  Cwm 
Llechog,  however,  two  bands  occur  300  and  400  yards  above  the 
junction  of  the  Iwrch  and  Cwm  Llechog  streams  and  at  least  a 
quarter  of  a  mile  to  the  north  of  the  fault  as  mapped.  There 
appear  to  be  five  bands,  but  the  complex  nature  of  the  ground 
makes  it  impossible  to  say  with  our  present  knowledge  whether 
they  may  not  be  repeated  by  faulting. 

Near  Llangynog  the  rock  consists  of  a  light  grey  felsite  which 
shows  spherulites  as  white  spots  on  weathering.  Under  the 
microscope  it  exhibits  an  abundance  of  idiomorphic  crystals  of 
orthoclase  in  a  felsitic  matrix.  Perfectly  formed  felspars  often 
occupy  the  nuclei  of  the  spherulites.  A  greenish  mineral  also 
occurs  which  may  be  a  decomposition  product  of  a  ferro- 
magnesian  mineral. 

South  of  Llangynog  a  great  boss  of  the  felsite  stands  out  like 
a  pillar  above  the  surrounding  slates.  It  consists  of  columns 
which  vary  from  one  to  two  feet  in  diameter.  On  the  east 
side  the  columns  are  nearly  horizontal,  their  longer  axes 
dipping  6°  in  a  direction  35^  N.  of  E.  On  the  same  side  but  at 
a  lower  level  they  dip  10°  in  the  same  direction.  On  the  north 
face  of  the  boss  their  axes  dip  11^,  25°  N.  of  E.,  and  near  the 
base  60^,  5^  N.  of  E.  On  the  west  side  they  slope  30°,  75"* 
N.  of  E.  near  the  top,  and  25**,  65**  N.  of  E.  below.* 

On  plotting  these  directions  they  appear  to  converge  towards 
the  north-west  to  a  point  outside  the  present  extension  of  the 
boss.  The  part  which  remains  may  be  a  quadrant  of  a  larger 
mass  with  columns  radiating  from  the  centre.  It  is  quite  possible 
that  we  are  dealing  with  the  plug  of  a  volcanic  neck  which  acted 

*  These  bearings  are  magnetic. 
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as  a  feeder  to  the  sheets  which  penetrate  the  slates  in  the  hills  to 
the  north-east. 

On  the  south  side  a  fault  containing  a  mineral  vein  separates 
the  boss  from  the  slates,  so  the  actual  contact  is  not  visible. 
Across  the  valley  at  Craig  Rhiwarth  two  bands  of  felsite  of 
exactly  similar  composition  penetrate  the  slates.  Quarrying  is 
carried  on  in  the  beds  immediately  below  the  igneous  rocks,  the 
slates  in  this  position  having  a  more  perfect  cleavage  than  those 
more  distant. 

Good  exposures  of  the  same  rock  occur  at  Pistyll  Rhaiadr. 
Here  there  are  two  bands  with  slates  intervening  which  merge 
into  one  bed  to  the  south.  They  dip  towards  the  western  syncline 
about  lo*^.  The  lower  bed  is  columnar  and  about  forty  feet  thick. 
The  upper  part  is  vesicular,  the  individual  vesicles  being 
drawn  out  to  two  inches  in  length.  Above  this  lies  a  silky 
slate  twenty  feet  in  thickness.  Next  follows  a  breccia  with  slate, 
grit,  and  felsitic  fragments.  The  slate  is  sheared  round  **  eyes  " 
of  grit  and  felsite,  and  one  piece  of  included  slate  is  eight  feet 
long  and  fifteen  inches  wide.  The  upper  felsitic  sheet  succeeds, 
and  still  higher  normal  slate  is  met  with  which  continues  for 
nearly  a  mile  until  it  dips  under  an  intrusive  sill  of  the  3rd  Series. 
The  upper  and  lower  margins  of  the  slate  in  contact  with  the  sill 
are  converted  into  spotted  slate.  Other  bands  belonging  to 
the  Central  Series  are  exposed  on  Doldrum,  Godor,  and  Y-Gam. 
Nowhere  in  this  series  do  we  find  rocks  bearing  any  resem- 
blance to  volcanic  tuffs.  They  are  sometimes  fragmentary  but 
only  where  there  has  been  shearing. 


2.    Peripheral  Series. 

From  the  Carboniferous  Limestone  escarpment  near  Selattyn 
a  series  of  three  parallel  bands  of  igneous  rocks  can  be  traced 
westwards  to  Llandrillo.  One  of  these,  the  highest  in  the  strati- 
graphical  sequence,  has  not  been  observed  beyond  this  point. 
The  other  two  continue  southwards  with  the  strike  of  the 
rocks.  The  middle  one  persists  as  far  as  the  south-west 
corner  near  Llanwddyn,  where  it  bends  back  sharply  into  the 
interior  with  the  over-folded  slates.  The  overfold  conceals  the 
outcrop  for  some  miles,  but  following  the  general  strike  of  the 
strata  we  pick  up  the  same  band  along  the  crest  of  Mynydd- 
y-Briw,  and  the  circle  is  completed  by  connecting  up  with  the 
masses  of  Glascoed,  Mynydd-y-Bryn,  Moelydd,  and  Blodwell 
Hall,  which  dip  under  the  limestone  escarpment. 

The  section  (p.  480)  shows  that  the  latter  may  once  have  been 
continuous  with  the  Selattyn  rocks  over  the  Bala  anticline. 
The  innermost  band  follows  a  course  parallel  with  the  middle 
one  nearly  as  far  as  Llangynog.     To  the  north  of  Hirnant  it 
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reaches  the  surface  again  and  forms  five  distinct  bands.  These 
are  probably  only  repetitions  of  the  same  bed  caused  by  folding 
and  faulting.  The  peripheral  series  can  be  conveniently  studied, 
and  in  their  normal  development,  at  Llansantfraid-Glyn-Ceiriog, 
at  Llandrillo,  and  about  Craig  Wen.  At  all  these  places  there 
are  good  natural  exposures  and  about  Glyn  they  have  been 
extensively  quarried. 

For  purposes  of  reference  we  adopt  the  nomenclature 
introduced  by  Messrs.  Groom  and  Lake.  These  authors  refer  to 
the  outermost  bed  as  the  '*  Pen-y-Graig  Ash,"  the  middle  one 
as  the  "  Craig-y-Pandy  Ash,"  and  the  lowest  in  stratigraphical 
order  as  the  "  Cwm  Clwyd  Ash."  In  the  Survey  Memoir  they 
are  called  respectively  the  "Little  Ash,"  the  "Uppqr  Bala 
Ash  Bed  "  and  the  "  Lower  Ash  Bed." 


2  (a).    Pen-y-Graig  Igneous  Band. 

Near  Glyn  this  bed  has  been  quarried  in  underground 
workings  under  Pen-y-Graig.  Here  it  is  fifteen  to  thirty-five 
feet  thick,  but  rapidly  thins  out  when  followed  towards  the 
west.  The  general  dip  is  26°  N.N.E.  It  can  be  traced  for 
eight  or  ten  miles  to  beyond  Llandrillo.  The  lower  part  is  a 
soft,  compact,  fine-grained  bluish  stone,  which  forms  irregular 
columns  and  breaks  with  a  conchoidal  fracture.  At  the  top  of 
the  bed  it  is  vesicular  and  contains  numerous  amygdules  filled 
with  calcite.  Some  of  these  are  more  than  two  inches  in 
diameter.  The  rock  is  traversed  by  calcite  and  quartz  veins,  and 
in  the  joints  dendrites  and  pockets  of  manganese  dioxide 
occur. 

The  slates  above  and  the  grits  and  slates  below  show  little, 
if  any,  metamorphism.  Under  the  microscope  the  stony  ground- 
mass  is  seen  to  contain  large  numbers  of  felspar  laths,  arranged 
in  stellate  groups  or  oriented  in  a  manner  suggestive  of  flow. 
They  show  signs  of  rapid  growth  and  are  frequently  filled 
with  secondary  calcite. 

A  dark  brown  mineral  moulds  itself  on  the  felspars  and 
this  may  result  from  the  decomposition  of  Hornblende. 


2  (If).    Craig-y-Pandy  Igneous  Band. 

The  second  bed  has  been  worked  in  a  large  quarry  on  the 
right  bank  of  the  Ceiriog  opposite  Coed-y-Glyn,  at  Cae  Deicws, 
and  on  the  face  of  the  Craig-y-Pandy. 

It  is  the  thickest  and  most  persistent  of  the  peripheral  beds, 
and  from  the  summit  of  Craig-y-Pandy  it  can  be  followed  as  a 
feature  for  many  miles  to  the  west. 

In  the  river-side  quarry  it  is  seen  in  contact  with  the  over- 
Proc.  Gkol.  Assoc,  Vol,  XX,  Part  7,  1908.]  3S 
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lying  Bala  Slates  (Bryn  beds  of  Messrs.  Groom  and  Lake). 
The  line  of  junction  has  evidently  formed  a  plane  of  movement, 
for  the  marginal  portions  are  sheared  and  contain  many 
fragments  of  slate,  china  stone,  and  limestone. 

The  middle  portion  is  a  white  saccharine  rock  with  angular 
enclosures  of  brown  calcite.  In  thin  slices  it  is  seen  to  contain 
idiomorphic  quartz  in  large  quantities  and  fresh  orthoclase 
felspar  in  a  quartz  mosaic.  In  parts  it  is  vesicular,  the 
amygdules  being  principally  composed  of  chalcedony.  The  rock 
has  been  quarried  at  Cae  Deicws,  and  Craig-y-Pandy  for  china 
stone.  The  photograph  by  Mr.  G.  Bingley,  Plate  XXVII,  gives 
a  view  of  a  china  stone  quarry  at  the  first  of  these  localities. 

Movement  has  also  taken  place  at  the  lower  margin  of  the 
sheet.  For  33  yards  below  the  china  stone  the  rock  is  a  mixture 
of  slate,  china  stone,  and  blue  igneous  material,  drawn  out  into 
lenticles  parallel  to  the  planes  of  shearing.  The  whole  mass  is 
traversed  by  numerous  quartz  veins,  which  have  a  general  trend 
at  right  angles  to  the  shear  planes. 

The  same  bed,  as  developed  near  the  Milltir  Gerig  Pass,  is 
described  by  Jukes  as  follows  ("Geol.  N.  Wales"  p.  216): 
"  Crossing  Craig  Wen,  and  clearly  visible  on  the  roadside  of  the 
Milltir-Grerig,  is  the  band  of  rock  answering  to  the  Upper  Bala 
Ash  bed.  This,  however,  puts  on  here  rather  the  character  of  a 
compact  trap  than  an  ash.  It  is  a  pale,  greenish-grey  felstone, 
but  acquires  a  much  more  brecciated  and  ashy  character 
towards  the  south,  while  northwards  it  becomes,  perhaps,  still 
more  compact  and  trappean,  and  increases  in  thickness." 

At  Mynydd-y-Briw  it  occurs  as  two  bands  with  slates  between. 
Towards  the  east  these  become  fused  into  one  sheet  which  dips 
with  the  slates  at  a  high  angle.  In  some  parts  it  is  almost 
vertical.  One  of  the  bands  contains  a  line  of  slate  fragments 
about  a  foot  from  the  top. 

2  (c).     CwM    Clwyd    Igneous  Band. 

The  third  band  (Lower  Ash  Bed  of  Survey)  appears  about  a 
mile  to  the  south  of  the  second  band  at  Cwm  Clwyd.  It  is  quite 
accessible  though  not  quarried  in  the  Glyn  district.  On  the 
moors  towards  the  east  it  can  be  examined  in  many  places,  as 
at  Craig  and  Cefn  coch,  where  it  stands  out  above  the 
surrounding  slates  like  a  dyke.  It  is  rudely  columnar  and  is 
crossed  by  strong  transverse  joints,  which  give  it  a  platy 
appearance.  Like  the  foregoing  it  thickens  in  the  Llandrillo 
area,  and  "near  the  grouse  box  on  Craig  Wen  it  is  inter- 
stratified  with  apparently  contemporaneous  beds  of  dark  green- 
stone."* Where  the  greenstone  is  in  contact  with  the  slates 
they  are  metamorphosed  into  spotted  slate. 

•  Jukes,  op.  cit.,  p.  2x6. 
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It  has  already  been  mentioned  that  the  peripheral  bands  are 
probably  connected  over  the  anticlinal  area  of  Bala  beds  with 
rocks  of  a  similar  composition  occuring  near  the  Carboniferous 
Limestone  in  the  south-east. 

The  most  northerly  patch  at  Glascoed  is  a  hornblende 
andesite  and  in  a  quarry  near  the  roadside  it  appears  as  great 
columns  forty  feet  long,  disposed  with  their  longer  axes  hori- 
zontal. A  larger  mass  to  the  south  several  square  miles  in  area, 
forms  the  hill  of  Mynydd-y-Bryn. 

At  Moel-ydd  the  same  rock  is  repeated  by  faulting.  The 
southern  boundaries  of  all  three  masses  are  cut  off  by  faults  which 
do  not  penetrate  the  limestone  above.  Other  post-Carboniferous 
faults,  with  an  east  and  west  trend,  have  displaced  the  southern 
patches  towards  the  east.  Thfe  Blodwell  Hall  rock,  though 
isolated  from  the  others,  may  form  part  of  the  same  series,  but 
its  exact  relation  is  not  clear. 

There  can  be  no  doubt  that  the  peripheral  igneous  series 
extends  under  the  Carboniferous  rocks,  and  it  is  probable  that 
their  source  of  origin  lies  in  that  area,  perhaps  not  far  from 
Glascoed. 


3.    Basic    Intrusive    Series. 

The  third  series  consists  of  a  more  basic  type  of  rock.  At 
Hendre  Quarry,  about  two  and  a-half  miles  south  of  Glyn 
Ceiriog,  it  occurs  as  an  intrusive  sill,  which  can  be  followed  east 
and  west  for  several  miles  in  a  direction  parallel  to  the 
peripheral  series.  On  Cader  Berwyn  two  sills  are  seen;  one 
runs  along  the  south  face  of  the  mountain  and  is  continued 
through  the  slates  forming  the  cirque  above  Llyn  Llyn  Caws. 
Another  runs  parallel  to  the  first,  and  forms  the  summits  of 
Cader  Berwyn  and  Moel  Sych.  Farther  to  the  north,  at 
Carnedd-y-Ci,  a  band  of  similar  rock  lies  at  the  base  of  a  rock 
which  may  be  correlated  w^ith  the  Cwm  Clwyd  Ash.  It  is 
probable  that  this  is  only  a  repetition  of  the  same  Ash  as 
developed  at  Clochnant,  near  Llandrillo,  which  likewise  has  a 
basic  injection  at  its  base. 

While  the  rest  of  the  igneous  rocks  of  the  Berwyns  have 
never  been  adequately  described,  parts  of  the  basic  series  have 
been  the  subjects  of  papers  by  Mr.  C.  C.  Moore,  F.I.C.,*  and 
Mr.  H.  Stanley  Jevons,t  M.A.,  F.OS. 

Moore  confines  himself  almost  exclusively  to  the  rock  as 
exposed  at  Hendre.  He  deals  in  an  exhaustive  manner  with  the 
chemical  composition  and  physical  characters  of  the  intrusion 
and  the  adjacent  slates. 

*  "  Presidential  Address,  Liverpool  Geological  Society, "  1903 
t  Geol.  Mag,  Dec.  v,  Vol.  xi,  No.  x,  JaiL  1904. 
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The  following  table  gives  the  results  of  the  analysis  of  speci- 
mens, taken  at  measured  distances,  both  from  the  slates  and  the 
intrusion. 

ANALYSIS  OF  ROCKS  FROM  HENDRE  QUARRY,  PEN-Y-BONT, 
GLYN-CEIRIOG.  N.  WALES. 

No.  I. — Unaltered  Slate,  92  ft.  above  upper  junction  of  intrusion. 

No.  2. — Altered  Slate,  i  ft.  above  intrusion. 

No.  3.— Altered  Slate,  2  in.  above  intrusion. 

No.  4. — Dolerite,  2  in.  below  upper  junction. 

No.  5. — Dolerite,  i  ft.  from  junction. 

No.  6. — Dolerite,  middle  of  intrusion. 

No.  7. — Dolerite,  2  ft.  above  bottom  of  intrusion. 

No.  8. — Altered  Slate,  2  ft.  under  bottom  of  intrusion. 

No.  9. — Unaltered  Slate,  from  below  intrusion. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

S.  Grav... 

278 

282 

282 

2-8i 

282 

a-9i 

2-85 

2-81 

278 

%  Poros... 

470 

P15 

1-12 

012 

0-23 

0-64 

0-54 

o-6i 

4-74 

SiO,    ... 

60-68 

6028 

5872 

45"34 

46-12 

47-88 

45*73 

56-86 

6042 

TiO.    ... 

J -39 

1-40 

1-35 

0-14 

016 

o-x8 

018 

1-29 

1-40 

FeO     ... 

505 

5-12 

5-62 

8-29 

849 

653 

8-86 

5-85 

S'lo 

Fe.  0.  ... 

607 

615 

660 

4-67 

4-66 

3-73 

4-81 

572 

6-09 

Fe.S.  ... 

046 

0-48 

0-54 

0-54 

b-60 

0-69 

0-62 

0-52 

048 

Al.  0,  ... 

16-82 

16-86 

17-15 

1403 

1343 

13-64 

1422 

1673 

16-80 

CaO     ... 

0-56 

054 

052 

10- 1 8 

9*95 

X2-42 

io-i6 

1-23 

0-54 

MgO    ... 

x-37 

1-41 

1-95 

7-Si 

706 

8-64 

8-23 

2-67 

1-40 

Na,  0  ... 

160 

i-6a 

154 

2-12 

2-27 

215 

2-26 

1-36 

1-58 

K.O     ... 

2*12 

2-15 

1-97 

048 

046 

0-44 

0-45 

3-23 

2-18 

c  0.  ... 

0-22 

0-22 

0-23 

4-08 

4-II 

1-07 

I -01 

023 

0-22 

H.O    ... 

3-66 

3*77 

381 

2-62 

269 

2-63 

347 

4*31 

3-79 

lOO'OO 

xoo-oo 

lOO'OO 

1 0000 

100  CO 

1 0000 

100  00 

lOO-OO 

1 0000 

oLofFc 
Ferrous 

48*0     . 

48-1 

486 

66-3 

669 

660 

67-2 

S3-I 

481 

CaCO, 

o'So 

0.50 

0-52 

927 

934 

2-43 
0652 

2-29 

052 

0*50 

0.  Ra.  I 

0376 

0-381 

0408 

0-695 

0-645 

0696 

0430 

0-378 

0.  Ra.  2 

0*374 

0-379 

0406 

061 1 

0-579 

0-633 

0676 

0-428 

0-377 

The  water  is  all  chemically  combined.  The  carbonic  acid 
is  calculated  to  carbonate  of  lime  only  for  comparison. 

Oxygen  Ratio  i  is  calculated  on  the  silica  and  titanic  acid 
and  all  the  bases.  Oxygen  Ratio  2  is  calculated  on  the  silica 
and  titanic  and  carbonic  acids  and  all  the  bases. 

All  the  analyses  have  been  calculated  to  add  up  to  100  in 
order  to  be  comparable  with  one  another. 

Percentage  of  iron  as  ferrous  refers  to  the  percentage  oi 
total  iron  existing  in  the  ferrous  condition. 

It  is  demonstrated  that  towards  the  interior  the  mass  shows  a 
very  marked  increase  of  gravity,  and  at  the  same  time  it  also 
shows  an  increase  of  porosity.  These  changes  indicate  that  the 
centre  of  the  intrusion  has  suffered  a  shrinkage  of  3  per  cent  and 
afford  a  striking  example  of  the  importance  of  crystallisation  as  a 
factor  in   producing  volume  alteration  in  igneous  rocks.      It 
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explains  why  highly  crystalline  rocks  possess  such  appreciable 
amounts  of  porosity,  and  the  production  of  spaces  in  the  interior 
of  rock  masses  which  cannot  be  traced  to  any  outside  agency. 
The  slates  above  and  below  the  igneous  rock  have  been  altered 
to  a  distance  of  ninety-two  feet  from  each  margin.  Chemically 
they  have  undergone  very  little  change,  even  when  taken  very 
close  to  a  junction.  Physically  they  have  suffered  a  reduction 
in  volume,  well  shown  by  their  specific  gravities  and  porosities. 
Moore  estimates  that  there  has  been  a  shrinkage  of  about  six  feet 
in  the  184  ft,  which  show  signs  of  metamorphism. 

Spotted  slates  occur  at  both  margins.  Wherever  this  series 
comes  in  contact  with  the  slates  the  same  features  are  observed 
and  in  Carnedd-y-Ci  the  change  has  been  sufficient  to  produce 
crystals  of  chiastolite. 

Jevons  considers  the  rocks  about  Carneddy-Ci  to  be  kerato- 
phyres  as  they  consist  essentially  of  albite  and  diopside.  "He 
suggests  that  a  large  number  of  centres  of  eruptions  existed  at  the 
time  of  their  intrusion,  and  one  he  places  at  Blaen  Llynor,  near 
Llandrillo. 

Near  Milltir  Gerig  an  olivine  dolerite  occurs  in  Nant 
Llwyn  Gwern  which  does  not  seem  to  correspond  with  any  of  the 
igneous  rocks  in  the  above-mentioned  series. 

GENERAL    REMARKS. 

It  is  always  easy  to  speculate  when  one's  knowledge  is 
incomplete,  and  in  discussing  the  possible  origins  and  ages  of 
the  various  igneous  beds  it  is  to  be  understood  that  I  do  not 
present  them  as  ripe  opinions,  but  rather  as  points  to  be 
observed  and  considered  by  the  members  of  the  Association 
when  they  visit  the  district. 

The  peripheral  series  and  the  central  series  are  fragmental  in 
parts.  Does  this  necessarily  mean  that  they  are  contemporaneous 
ashes  thrown  out  from  vents  and  spread  over  the  land  or  the 
floor  of  the  sea?  One  naturally  inclines  to  this  view  at  first  sight, 
since  the  different  bands  appear  to  follow  the  same  stratigraphical 
horizon.  Taking  the  Bala  Limestone  as  a  datum  line  the 
parallelism  is  certainly  very  striking.  But  the  third  series,  which 
are  undoubtedly  intrusive,  show  a  parallelism  just  as  close. 

Their  fragmental  condition  also  favours  the  opinion  that 
they  are  true  ashes,  but  here  again  we  must  keep  in  mind  that 
fragmental  rocks  may  occur  in  intrusives.  Although  Jukes 
mapped  the  peripheral  series  as  volcanic  ashes  he  seems  to  have 
had  misgivings  on  the  point  when  he  says  "  It  is  very  difficult, 
if  not  impossible,  to  distinguish  between  a  decomposed  trap  and 
an  ash,"*  and  I  have  quoted  above  observations  from  the  same 
author  that  in  the  case  of  the  "  Upper  Bala  Ash  Bed  "  it  puts  on 

•  ••  Geology  of  N.  Wales/'  p.  216. 
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rather  the  character  of  a  compact  trap  than  an  ash  in  certain 
places.  Moreover,  we  have  seen  that  the  rocks  have  been 
subject  to  shearing,  and  Messrs.  Groom  and  Lake  have  shown 
in  one  district  that  earth  stresses  have  ^affected  the  rocks  to  an 
extent  little  suspected. 

The  igneous  rocks  would  naturally  serve  as  resistant  bands  to 
such  movements  as  took  place  subsequent  to  their  solidification, 
and  the  planes  of  shearing  would  tend  to  run  with  them  rather  than 
against  them. 

With  true  ashes  we  should  naturally  expect  that  they  would 
esdiibit  signs  of  bedding,  alternations  of  fine  and  coarse  material 
and  volcanic  bombs.  So  far  as  I  have  observed  I  have  never  seen 
any  sifting  of  the  material  into  finer  and  coarser  bands,  and 
cases  where  bedding  was  suspected  have  always  turned  out,  on 
careful  examination,  to  be  orientation  due  to  shearing. 

•However,  Dr.  Groom,  in  the  discussion  which  followed  his 
paper,  cited  above,  states  that  he  has  seen  true  bedding  and  even 
false  bedding  in  the  Pandy  ashes. 

With  the  exception  of  one  bed,  the  Cwm  Clwyd  ash,  the 
peripheral  series  contain  no  fragments  which  could  not  have 
been  derived  from  the  neighbouring  rocks  and  the  beds 
themselves.  Pieces  of  a  red  rock  resembling  felsite  occur  in  this 
bed  between  Cwm  Clwyd  and  Springs  which,  so  far  as  I  know,  are 
not  found  massive  in  the  Berwyns.  Thus  we  see  that  while  some 
features  which  the  igneous  rocks  display  are  suggestive  of  an 
intrusive  origin  there  are  others  which  militate  against  this  view. 

Any  theory  put  forward  to  account  for  these  rocks  must  deal 
with  the  series  as  a  whole,  and  not  be  applicable  only  to  one 
limited  part.  We  have  noted  that  the  igneous  rocks  do  not 
invade  the  synclinal  areas  filled  with  beds  of  Wenlock  age. 
Does  it  necessarily  follow  that  they  are  of  pre- Wenlock  date  ? 

It  is  well-known  that  there  is  a  definite  connection  between 
the  depression  of  an  area  and  igneous  intrusions.  During  folding 
there  must  be  a  relative,  compensating  upward  movement  on 
either  side  of  the  depressions,  and  a  lateral  flow  of  deep-seated, 
yielding  masses  towards  the  anticlines. 

In  the  Berwyns  all  the  igneous  rocks  run  in  lines  parallel  to 
synclines,  and  rise  with  the  strata  towards  anticlines.  If  they 
were  extrusive  either  as  lava  flows  or  as  tuffs,  we  must 
grant  a  succession  of  eruptions  beginning  in  Llandeilo  times  and 
persisting  until  the  close  of  the  Bala  period. 

The  very  slight  amount  of  thermo-metamorphism  which  the 
sedimentary  rocks  show  when  in  contact  with  the  igneous,  at 
least  indicates  that  the  central  and  peripheral  series  did  not 
remain  at  a  high  temperature  for  a  lengthened  period.  But  a 
single  injection  of  comparatively  thin  beds  does  not  materially 
alter  the  surrounding  strata,  and  even  volcanic  necks  are  known 
where  the  change  is  infinitesimal. 
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Further,  a  molten  rock  coming  in  contact  with  the  cool 
margins  of  sedimentary  strata  would  be  rapidly  chilled  at  the 
edges.  The  succeeding  flow  would  tend  to  break  off  this 
solidified  material  as  well  as  the  rocks  above  and  below,  and 
these  would  become  incorporated  in  the  general  mass.  Flow 
structure,  shown  by  lath-shaped  felspars  moulding  themselves 
round  inclusions,  occurs  in  all  the  so-called  ashes,  and  this 
character  as  well  as  their  vesicular  margins  is  quite  compatible 
with  rapid  injection. 

It  has  been  pointed  out  that  the  distribution  of  the  igneous 
bands  is  closely  associated  with  the  folding  of  the  dome,  and  if 
we  grant  that  these  have  any  genetic  connection  some  of  our 
difficulties  seem  to  be  met.  In  the  bulging  of  the  dome  there 
must  have  been  left  spaces  into  which  deep-seated  material 
could  be  injected  as  laccolitic  intrusions.  On  this  theory  we 
only  need  one  period  of  activity  which  harmonises  with  a  time  of 
known  earth  folding. 

In  the  meantime  we  must  wait  until  the  igneous  rocks  have 
been  subjected  to  careful  petrographical  examination  and  the 
sedimentaries  have  been  more  extensively  mapped  before  we  can 
hope  to  provide  a  final  answer. 
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July  3RD,  1908. 

Prof.  W.  W.  Watts,  F.R.S.  (President),  in  the  Chair. 

The  following  were  elected  members  of  the  Association : 
William  T.  Burgess,  F.C.S.,  F.I.C.,  J.  C.  M.  Given,  M.D., 
M.R.C.P.,  William  Head,  Thomas  D.  Nicholson,  M.D., 
L.  Richardson,  F.R.S.E.,  F.L.S.,  F.G.S.,  Frederick  Sadler, 
Thomas  Franklin  Sibly,  D.Sc ,  F.G.S.,  Rev.  E.  C.  Spicer,  M.A., 
F.G.S.,  W.  C.  R.  Watson. 

A  paper,  descriptive  of  the  district  to  be  visited  during  the 
Long  Excursion,  was  then  read  :  **  l^he  Geology  of  the  Berwyn 
Hills,"  by  Joseph  Lomas,  F.G.S.  The  paper  was  illustrated  by 
diagrams  and  lantern  slides.     It  is  printed  pp.  477-500. 
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EXCURSION    TO    POTTERS     BAR. 

Saturday,  April  iith,  1908. 

Director:  William  Whitaker,  B.A.,  F.R.S.,  F.G.S. 
Excursion  Secretary:  Miss  Johnston. 

{Report  by  THE  DIRECTOR.) 

Having  left  King's  Cross  by  the  1.15  p.m.  train  to  Potters  Bar 
the  party,  reinforced  by  members  of  the  Hertfordshire  Natural 
History  Society,  numbered  31. 

From  the  station  the  members  walked  along  Mutton  Lane 
across  the  Tertiary  beds  to  the  outcrop  of  the  Chalk  by  Mimms 
Hall. 

At  the  brook  the  geology  of  the  district  was  described,  and 
the  course  of  the  stream  was  noticed.  This  stream  is  the  result 
of  the  drainage  of  the  impervious  London  Clay  to  the  south,  and 
becomes  a  dry  channel  when  there  has  been  no  rain  for  some 
time. 

The  water  that  flows  over  the  clay-tract  southward  of  Mimms 
Hall  sinks  into  swallow-holes  on  reaching  the  Chalk ;  but  after 
wet  weather  the  flow  gradually  increases,  the  stream  persists 
beyond  the  higher  swallow-holes,  and  at  last,  after  heavy  rainfall, 
the  flow  becomes  continuous  at  the  surface  all  along. 

The  most  marked  swallow-holes  in  the  higher  part  of  the 
stream  are  at  a  sharp  bend  about  a  third  of  a  mile  north  of 
Mimms  Hall.  This  set  was  examined,  and  the  water  was 
seen  to  be  sinking  down  in  several  places. 

A  little  to  the  north,  at  the  next  sharp  bend,  the  water 
was  pouring  down  into  a  small  hole,  and  this  was  indeed  the  only 
case  seen  of  a  swallow-hole  in  clear  and  thorough  working  order. 

Here  a  sample  of  the  water  was  taken  at  the  mouth  of  the 
hole  by  one  of  the  party,  Mr.  W.  T.  Burgess,  for  analysis,  and  he 
has  kindly  sent  the  following  report  on  it : 


Total  solid  residue 

3664  N 

Ammonia,  free  and  saline    . 

•072 

„         albuminoid 

•032 

Oxygen  consumed,  4  hrs.  at  80°  F 
Nitrogen  as  Nitrates  . 

•125  \^^^^  P«*"  100,000. 

„          „  Nitrites   . 

traces 

Combined  chlorine 

29 

Total  hardness    .... 

.       215     ' 

The  water  was  turbid  and  brown.  It  was  very  impure 
compared  with  the  supply  obtainable  from  deep  chalk-wells. 
Most  chalk-supplies  give,  in  the  2-ft.  tube,  merely  the  faint  blue 
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colour  of  pure  water.  Some,  however,  which  are  faintly  but 
distinctly  yellow,  show  probably  rapid  infiltration  of  surface-water 
through  some  form  of  swallow-hole. 

In  the  colour-meter,  devised  by  Mr.  Burgess,  this  sample, 
after  the  suspended  matter  had  subsided,  had  a  colour  equal  to 
that  of  a  depth  of  loo  miUimetres  of  the  standard  colour- 
solution. 

There  are  some  very  small  sink-holes  by  the  stream  just  north- 
ward, and  evidence  of  a  late  flood  that  had  spread  over  the  flat 
bottom  of  the  valley  was  given  by  the  mud  that  occurred  away 
from  where  water  then  was,  and  the  finding  in  one  of  these 
mud-deposits  of  a  fish,  all  but  dead,  but  which  recovered  on 
being  put  into  the  stream. 

Hence  to  Warren  Gate,  the  western  bank  of  the  stream- 
channel  (which  contained  little  water)  showed  interesting  sections 
of  peaty  and  clayey  earth  in  the  gravel. 

Below  this  the  channel  was  mostly  dry,  and  so  the  fine  set  of 
swallow-holes  at  Water  End  could  be  examined,  the  party  going 
down  into  many  holes,  the  sides  of  which  were  more  or  less 
coated  with  mud,  and  which  but  a  short  time  before  had  been 
under  water,  as  was  shown  by  twigs,  straw,  etc.,  left  in  the 
bushes  above  them.  Some  of  the  party  had  seen  this  flood,  and 
described  it  to  the  others. 

This  particular  tract  seems  to  have  been  altogether  appro- 
priated for  the  exhibition  of  swallow-holes,  of  which  there  are 
many  along  the  fairly  deep  and  winding  channel.  The  only 
fluid,  however,  that  could  be  seen  running  into  any  of  them  was 
of  the  nature  of  sewage,  and  this  method  of  getting  rid  of  it  did 
not  commend  itself  to  the  beholders. 

Other  swallow-holes  were  seen  close  by,  up  the  tributary 
valley  at  the  western  edge  of  Potterells  Park,  along  which  the 
party  walked  to  reach  the  traps  at  Welham  Green,  whence  they 
drove  into  Hatfield,  where  the  afternoon's  proceedings  finished 
with  tea  at  the  Salisbury  Hotel  and  a  vote  of  thanks  to  the 
Director.     Return  was  made  to  London  by  the  6.53  train. 

REFERENCES. 

Geological  Survey  Map,  Sheet  7. 

Ordnance  Map,  Sheet  239,  New  Series. 
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1890.    J.  HOPKINSON,  Proc,  Geol  Assoc,,  vol.  xi,  pp.  140-143. 

1898,    W.  Whitakkr,  Trans.  Herts  Nat.  Hist.  Soc.,  vol.  x,  pp.  5-8. 
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EXCURSION  TO   BOXMOOR. 

Saturday,  April  25TH,  1908. 

Director :  William  Whitaker,  B.A.,  F.R.S.,  F.G.S. 
Excursion  Secretary :  A.  H.  Williams. 

{Report  by  THE  DIRECTOR.) 

Sir  John  Evans  had  intended  to  act  as  one  of  the  Directors 
of  this  Excursion,  but  he  was  not  well  enough  to  be  present, 
and  it  is  with  the  greatest  regret  that  we  record  his  death  on 
May  31st. 

A  party  of  twenty  assembled  at  Boxmoor  Station  early  in  the 
afternoon.  They  included  a  contingent  of  the  members  of  the 
Hertfordshire  Natural  History  Society. 

The  heavy  snowfall  which  had  occurred  on  the  day  of  the 
Excursion,  and  also  on  the  previous  day,  somewhat  interfered 
with  the  proceedings,  though  it  added  to  the  beauty  of  the  walk, 
except  in  the  brickfields  which  were  the  special  object  of  the 
Excursion.  Footpaths  had  to  be  avoided,  at  least  until  late 
in  the  day,  and  the  party  went  along  the  road  to  Bennett's 
End. 

Here  the  Acorn  Brickfield,  west  of  the  hamlet,  was  visited, 
and  a  curious  section  was  seen  at  one  part  of  the  pit,  a  little 
south-east  of  the  buildings.  The  loamy  basement-bed  of  the 
London  Clay,  with  two  layers  of  pebbles,  but  without  shells,  was 
seen  in  vertical  junction  with  the  clay  of  the  Reading  Beds,  grey 
just  at  first  and  then  mottled.  This  sign  of  marked  disturbance 
was  found  to  be  intensified  by  the  occurrence  of  Chalk  but  a  few 
feet  off,  pointing  to  the  probability  of  a  fault,  as  the  Chalk  ought 
not  to  come  within  about  30  feet  of  the  London  Clay. 

A  hope  was  expressed  that  the  Hertfordshire  Natural  History 
Society  would  keep  an  eye  (and  a  camera)  on  this  very  peculiar 
section.  It  will  be  remembered  that  a  fault  was  seen  and 
figured  many  years  ago  in  a  neighbouring  but  now  abandoned  pit. 
The  greater  part  of  the  pit  is  in  the  superficial  brick-earth,  which 
here  covers  both  Chalk  and  Tertiary  beds. 

A  fine  section  of  this  brick-earth  was  seen  in  another  pit  on 
the  western  side  of  the  footpath  westward  of  the  brickyard,  which 
shows  brown  and  red  bedded  loam,  somewhat  curved  and  of 
considerable  thickness. 

The  walk  was  continued  to  the  Greenfield  brickyard  at 
Leverstock  Green,  where  many  large  blocks  of  puddingstone  have 
been  found  in  the  brickearth,  as  well  as  long  and  large  flints,  some 
of  which  had  been  placed  upright  in  part  of  the  pit,  in  which 
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again  Chalk  was  reached  in  places,  sometimes  with  a  trace  of  the 
Reading  Beds  (sand). 

Finally  the  Highfield  brickyard,  northward  of  Wood  Lane 
End,  was  visited,  where  masses  of  pebbles  occur  in  the  loam. 
This  pit  is  notable  for  the  finding  of  flint  implements,  as  described 
by  Sir  John  Evans  {Quart,  Journ,  GeoL  Soc,  vol.  Ixiv.,  pp.  3-5), 
whose  adoption  of  Mr.  Worthington  Smith's  view  that  the  brick- 
earth  is  a  deposit  of  lacustrine  origin  was  here  alluded  to. 

A  trudge  of  about  two  miles  through  the  snow  brought  the 
party  back  to  Boxmoor,  where  a  well-earned  tea  was  enjoyed  at 
the  Railway  Hotel,  and  after  a  vote  of  thanks  to  the  Director, 
proposed  by  Mr.  J.  Parkinson,  the  return  to  London  was  made 
by  the  7.35  train. 
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EXCURSION  TO  CHARLTON  AND  ERITH. 

Saturday,  May  2Nd,  1908. 

Director:   A.  L.  Leach. 

Excursion  Secretary :  A,  C.  Young. 

(^Report  by  The  DIRECTOR) 

The  party,  in  number  about  thirty,  arrived  at  Charlton  at 
2.25  p.m.,  and  walked  to  Gilbert's  Pit  in  Hanging  Wood,  where 
in  a  fine  section  of  the  Lower  London  Tertiaries  the  structure  of 
these  beds  is  shown  very  clearly.  The  Director  briefly  indicated 
the  chief  features  of  interest  in  the  pit,  which  affords  one  of  the 
best  general  Tertiary  sections  in  the  whole  London  District. 
From  the  "  bull-head "  at  the  base  of  the  Thanet  Sand  to  the 
Blackheath  pebble-beds,  the  series  is  fully  represented. 

The  Thanet  Sand,  for  which  the  pit  is  now  worked,  yields  a 
few  internal  sand-casts  of  two  species  of  Pholadomya^  and 
specimens  recently  obtained  were  exhibited  on  this  occasion. 
The  specimens  were  perfect  but  very  fragile,  and  every  trace  of 
shelly  material  had  disappeared. 

At  the  junction  of  the  Thanet  Sand  and  the  Woolwich  Beds 
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a  thin  pebble-bed  was  seen,  and  the  method  of  working  the  pit 
makes  the  division  quite  clear.  As  only  the  Thanet  Sand  is  of 
economic  value,  the  overlying  beds  are  stripped  off,  and  a  level 
working  platform  is  formed  on  the  top  of  the  Thanet  Sand.  Two 
species  of  Cyrena  {C.  cordata  and  C.  aineiformis)  were  obtained 
.  n  the  Woolwich  Clays,  and  small  crystals  of  selenite  were  found 


Fig.  38.— Plan  Showing  the  Camp  in  Hanging  Wood,  Charlton,  and  the 
Present  Extent  of  the  Sand-pits. 

{Reproduced  by  permission  0/  the  Council  qf  the  Woclvaick  AntiqueLriam  Society.) 


in  cavities  in  the  hard  mottled  clays.  The  general  sequence  of 
the  Woolwich  Beds,  viz.,  bottom-bed  of  green  loam,  shelly 
clays,  thinly  bedded  clays  and  loams,  was  shown  to  be  present 
here. 

An  irregular  junction  was  traced  between  the  Woolwich  and 
the  Blackheath  Beds,  and  reference  was  made  to  the  variable 
position  of  the  base  of  the  Blackheath  pebble-beds  in  relation 
to  the  Woolwich  Beds.     Here  the  base-line  runs  generally  through 
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the  "thinly-bedded  loams,"  but  in  one  part  of  the  pit  the 
pebble-beds  cut  down  through  the  "shelly  clays"  into  the 
"bottom  green  loam,"  thus  recalling  the  section  opposite 
Hope  Cottage,  Plumstead,  which  was  visited  by  the  Association 
in  1906. 

The  party  now  walked  to  the  top  "of  the  hill  to  examine  some 
sections  of  Woolwich  and  Blackheath  Beds  exposed  on  the  steep 
slope  above  Maryon  Park.  Here  the  Cyrena  clays  are  well 
developed,  and  the  variable  character  of  the  pebble-beds  is 
exemplified,  small  pea-gravel  passing  laterally  and  vertically  into 
beds  of  much  coarser  structure.  Some  interesting  examples 
of  "  hill-side  drift "  or  "  run  of  the  hill "  were  examined  on  the 
slope  above  the  railway. 

The  remains  of  an  ancient  camp  (see  Fig.  38)  were  noted  on 
the  hill  where  the  continued  extension  of  the  sand-pits  is  rapidly 
completing  the  destruction  of  what  was  once  an  important  earth- 
work. Some  evidence  of  its  age  is  afforded  by  the  vases  (pro- 
bably Roman)  discovered  in  the  inner  trench  in  1906,  but  the 
camp  itself  may  be  pre-Roman. 

At  4.4  p.m.  the  party  left  Charlton,  and  arrived  at  Erith  at 
4.29  p.m.  The  great  ballast-pit  (Parish's)  shows  the  same  general 
arrangement  of  Lower  London  Tertiaries,  but  red  mottled  clays 
in  the  Woolwich  Beds  are  more  pronounced  than  at  Charlton,  and 
the  section  includes  also  the  base  of  the  London  Clay.  Here 
the  full  sequence  of  the  Lower  London  Tertiaries  can  thus  be 
examined  in  one  general  section.  The  Thanet  Sand  is  almost 
unfossiliferous,  but  some  fish  vertebrae  were  obtained  by  Dr.  A.  E. 
Salter  a  few  years  ago.  The  Woolwich  Clays  also  appear  to  be 
unfossiliferous,  but  this  may  be  due  to  decalcification. 

On  ascending  a  clayey  slope  of  "foundered"  Woolwich  Beds  a 
patch  of  drift  was  seen  resting  in  a  hollow  of  Blackheath  Beds ; 
a  few  mammoth  teeth  have  been  obtained  here.  In  the  northern 
corner  of  the  workings  a  remnant  of  the  pebbly  basement  bed  of 
the  London  Clay  was  seen  overlain  by  a  few  feet  of  weathered 
brown  clay,  but  the  section  was  not  so  good  as  on  the  occasion  of 
the  visit  (September  28th,  1907)  of  some  of  the  delegates  to  the 
Centenary  of  the  Geological  Society,  when  the  succession  was 
quite  clear. 

In  a  new  cutting  in  this  part  of  the  pit  a  pebble-bed,  probably 
the  Basement-bed  of  the  London  Clay,  was  seen  dipping  at  a 
high  angle  and  becoming  involved  with  Blackheath  Beds.  The 
Director  considered  this  to  be  due  to  landslips,  and  referred  to 
the  section*  (seen  by  Mr.  Whitaker  many  years  ago)  which 
showed  Pleistocene  drift  underlying  Eocenes. 

After  tea  at  the  Prince  of  Wales  Hotel,  Erith,  the  Director 
was  thanked  for  his  services,  and  the  party  returned  to  London 
by  the  7.4  p.m.  train. 

*  *'  Geology  of  London,"  U*m,  GvA,  Sun.,  yclL  i,  p.  141. 
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EXCURSION   TO   SAVERNAKE  AND   BEDWYN. 

Saturday,  May  i6th,  1908. 

Directors :  H.  J.  Osborne  White,  F.G.S.,  and  Llewellyn 
Treacher,  F.G.S. 

Excursion  Secretary  :  George  W.  Young. 

{Report  by  H.  J.  OsBORNE  WHITE.) 

The  London  party  reached  Savernake  shortly  after  ii.o  a.m., 
and  were  joined  at  the  station  by  a  few  of  the  Association's  Wilt- 
shire members  and  friends,  who  brought  the  number  up  to 
seventeen. 

The  Great  Western  Railway's  station  and  goods-yard  at 
Savernake  are  situated  in  a  wide  cutting,  which  shows,  on  its 
northern  side,  a  long  and  clear  section,  about  20  ft.  in  depth,  of 
light  grey-green  glauconitic  sand,  containing  bands  of  rough 
calcareous  concretions,  and  belonging  to  the  highest  part  of  the 
Selbomian  Series. 

When  the  cutting  was  being  widened,  in  1504,  many  fine 
siliceous  sponges,  of  the  species  occurring  in  the  well-known 
Warminster  Greensand,  were  to  be  obtained,  but  since  the  sand 
has  been  cut  back  to  an  even  face  these  and  other  fossils  are  less 
easily  found.  The  few  forms  observed  on  the  present  occasion 
included :  a  large  Nautilus  (probably  N.  expafisus)y  Cidaris  sp., 
Catopygus  columbarius^  Discoidta  subuculusl,  Pachypoterion 
(fragments,  probably  P.  robustum  and  P.  compactum\  and  numer- 
ous examples  of  a  branching  object,  like  the  "  Spongia paradoxica  " 
of  the  Lower  Chalk  of  Hunstanton. 

Leaving  the  station,  the  party  walked  northward  up  the  Chalk 
escarpment  to  Durley,  noticing  on  the  way  a  shallow  cutting  in 
the  Lower  Chalk,  on  the  Midland  and  South-Westem  Junction 
Railway,  which  here  runs  parallel  to  the  Great  Western  line.  Mr. 
W.  H.  Bell,  who  was  present,  suggested  that  the  northern  limb  of 
the  Pewsey  anticline  is  broken  at  this  spot  by  a  strike-fault,  run- 
ning between  the  two  railways. 
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Higher  up  the  slope  a  good  view  over  the  Vale  of  Pewsey 
was  obtained,  the  prospect  taking  in  the  Inkpen  range,  on  the 
east  and  south-east,  and  Etchilhampton  Hill,  near  Devizes,  on 
the  west.  The  form  of  the  east-and-west  ridge  or  swell  of  the 
Upper  Greensand,  where  it  arches  over  the  anticline  along  the 
axis  of  the  vale,  could  be  clearly  seen  from  this  point.  These 
and  other  features  of  the  landscape  having  been  noticed,  there 
followed  a  rather  lengthy  and  inconclusive  discussion  on  the 
mode  of  formation  of  the  dry  valleys  which  furrow  the  dip-slopes 
of  the  Chalk  on  either  side  of  Pewsey  Vale. 

In  brief,  Mr.  G.  W.  Young  contended  that  such  combes  were 
due  chiefly  to  differential  solution  ;  that  their  channels  had  been 
roughly  marked  out  on  a  cover  of  Clay-with-fiints,  or  some  other 
impermeable  bed,  and  subsequently  opened  to  their  present 
depth  and  width  by  the  corrosive  action  of  the  rain-water  con- 
centrated in  them.  This  view  was  opposed  by  the  Directors, 
Mr.  Treacher  pointing  out  that  it  was  not  in  accord  with  the 
observed  character  and  distribution  of  the  drift  in  certain  of  these 
valleys,  while  Mr.  White  expressed  his  disbelief  in  the  ability  of 
solution  so  frequently  to  reproduce,  in  a  limestone,  a  definite 
group  of  "  destructional "  phenomena  closely  resembling  that  to 
which  the  combined  action  of  stream-erosion  and  soil-creep  gave 
rise  in  other  sorts  of  rock.  The  latter  speaker  was  of  opinion 
that  the  chalk  combes  in  this  part  of  the  country  were  mainly  of 
mechanical  origin,  and  that  there  was  good  evidence  of  this  in 
the  details  of  their  form. 

Passing  over  the  crest  of  the  escarpment,  the  party  walked 
across  Tottenham  Park  to  an  almost  overgrown  chalk-pit  about 
one-third  of  a  mile  north  of  Durley  Gate.  Here  Mr.  Treacher 
had  previously  obtained  Uintacrinus  and  Actinocamax  verus^  and 
on  the  present  occasion  plates  of  the  former  fossil  were  found 
without  difficulty. 

Thence,  a  pleasant  walk  of  about  three  miles,  in  a  generally 
northward  direction,  brought  the  members  to  the  gravel  pit  at 
Knowle  Farm.  This  excavation,  which  is  situated  on  the 
southern  slope  of  the  Froxfield  Valley,  and  close  to  the  main 
road  from  London  to  Bath,  is  being  cut  back  into  the  rising 
ground,  and  the  gravel  exposed  in  the  main  working-face  has 
lately  begun  to  show  signs  of  stratification. 

In  anticipation  of  the  Association's  visit  the  workmen  had 
collected  upwards  of  a  score  of  flint  implements,  including  rough, 
edge-chipped  Eolithic  forms,  and  others  which  looked  like  poor 
copies  of  Acheulian  types.  A  few  of  the  tools  showed  patches 
of  the  well-known  glaze,  and  these,  and  some  good  examples  of 
glazed  unworked  flints,  were  quickly  bought  up. 

At  the  request  of  the  Directors,  Mr.  S.  B.  Dixon,  who 
discovered  the  implementiferous  character  of  the  Knowle  gravel 
some  years  ago,  kindly  gave  the  party  an  account  of  the  deposit, 
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and  of  his  views  with  regard  to  its  formation.  In  the  course  of 
his  address  Mr.  Dixon  stated  that  the  implement-bearing  gravel 
was  from  8  to  lo  ft.  thick,  and  rested  upon  a  much  disturbed 
(piped)  surface  of  the  Upper  Chalk.  The  tools  first  discovered 
were  lying  together  near  the  surface  and  in  great  numbers, 
between  2,000  and  3,000  having  been  obtained  from  a  com- 
paratively narrow  space.  They  varied  in  size  from  i  to  6  in., 
and  were  of  many  types — some  lance-shaped,  some  ovoid,  and 
with  the  better-worked  implements  there  were  rough  drills  and 
scrapers.  With  very  rare  exceptions,  all  the  implements  were  of 
flint,  but  one  or  two  of  Greensand  Chert  had  been  found.  These 
must  have  been  brought  from  a  distance,  as  the  particular  sort 
of  chert  of  which  they  were  made  did  not  occur  locally.  They 
were  much  like  the  chert  palaeoliths  found  at  Axbridge,  in 
Devonshire. 

The  Knowle  implements — continued  Mr.  Dixon — occurred 
both  in  a  perfectly  fresh  and  in  a  rolled  and  waterworn  condition. 
In  the  lower  parts  of  the  deposit,  now  being  worked,  they  were 
much  less  numerous  than  in  the  upper  parts,  and  generally  of 
ruder  types.  The  deposit  itself  was  situated  at  the  junction  of 
three  valleys,  and  he  believed  it  to  have  been  formed  by  the 
streams  which  cut  out  these  valleys  during  the  warmer  intervals 
of  the  Glacial  Period.  The  abundance  of  palaeoliths  marked 
Knowle  as  the  site  of  an  early  settlement,  but  although  a  good 
deal  of  the  gravel  had  been  carefully  sifted,  no  mammalian  bones 
or  other  remains  of  a  contemporary  fauna  had  yet  been 
discovered. 

At  the  conclusion  of  his  remarks  Mr.  Dixon  exhibited  a 
number  of  local  implements,  some  finely  glazed.  The  Rev.  H. 
G.  O.  Kendall,  of  Winterbourne  Basset,  also  showed  a  small 
collection  illustrating  the  extraordinary  mixture  of  Palaeolithic 
types  which  the  Knowle  tools  display,  and,  thanks  to  Mr.  J. 
Cross,  the  members  of  the  party  were  able  to  compare  these  with 
some  implements  from  Swanscombe,  in  Kent. 

Quitting  this  interesting  spot  with  reluctance,  the  party 
resumed  their  walk,  south-eastwards,  by  Upper  Horsehall  Hill  to 
Chisbury  Lane,  stopping  on  the  way  to  glance  at  pits  in  the 
M,  cor-anguinum  and  Uintacrinus  Chalks  and  in  a  pebbly  Valley 
Gravel. 

In  another  small  chalk-pit,  half-a-mile  south  of  Chisbury  Lane 
Farm,  a  detachment  of  the  party  collected,  in  a  few  minutes,  the 
following  fossils : 

Inoceratnus  cuvieri  Echinocorys  scutatus 

Ostrea  vesicularis  Marsupites  iestudinarius 

Spondylus  dutempleanus  Porosphctra  globularis 
Proboscina  radioliiorum  „  nucifortnis 

Bourgueticrinus  „  piUolus 
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The  next  objects  of  interest  were  the  British  camp  of  Chisbury, 
and  some  pits  in  the  high-level  flint-and-sarsen  gravel  which  caps 
the  summit  of  Chisbury  Hill.  In  the  upper  part  of  the  lane  which 
follows  an  ancient  earth-work  (named  "  Wans  Dike,"  on  the 
Ordnance  Map)  down  the  south-eastern  side  of  the  hill  some 
small  exposures  of  interbedded  red-brown  sand  and  grey  clay,  of 
Lower  Bagshot  age,  were  noticed,  and  the  disturbed  junction  of 
Reading  Beds  with  the  Chalk  could  just  be  made  out  lower  down 
the  slope.  Lumps  of  the  hardened  chalk  ("Bedwyn  stone") 
which  occurs  at,  or  immediately  below,  the  base  of  the  Reading 
Beds  in  this  neighbourhood,  were  seen  in  the  banks  of  the  lane, 
and  fragments  of  Marsupites^  Echinocorys^  and  other  fossils  were 
readily  found  in  rubble  associated  with  them. 

Having  admired  the  view  over  the  Brails,  and  listened  to  a 
short  history  of  the  borough  of  Great  Bedwyn,  by  Mr.  Treacher, 
the  party  descended  into  the  village  for  tea  at  the  "  Cross  Keys." 
Here,  on  the  proposal  of  Mr.  G.  W.  Young,  the  Directors  were 
thanked  for  their  services,  and  the  Excursion  terminated  at 
Bedwyn  Station  shortly  after  six  o'clock. 
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EXCURSION   TO   PENSHURST    AND    THE  MEDWAY 

VALLEY. 

Saturday,  May  30TH,  1908. 

Director:  E.  W.  Handcock,  B.Sc,  F.G.S. 
Excursion  Secretary  :  A.  C.  Young. 

{^Rtport  hy  The  DIRECTOR.) 

The  London  party  reached  Penshurst  Station  at  2.26,  and  were 
joined  a  couple  of  minutes  later  by  the  Director,  with  a  further 
contingent  who  had  foregathered  at  Tonbridge,  bringing  the 
number  up  to  forty. 

A  move  was  at  once  made  to  an  exposure  of  Tunbridge  Wells 
Sand  at  Moorden  Farm  (quarter  mile  from  the  railway  station). 
Here  the  Director  pointed  out  that,  as  the  Association  had 
visited,  during  the  excursion  season  of  1907,  sections  of  Wad- 
hurst  Clay,  Weald  Clay,  and  Ashdown  Sand,  he  had  arranged  the 
day's  programme  with  the  view  of  completing  the  sequence  of 
the  Wealden  Beds,  and  proposed  showing  the  party  four  typical 
sections  of  Tunbridge  Wells  Sand,  two  of  which  belonged  to  the 
Upper  Beds  immediately  underlying  the  Weald  Clay,  and  two  to 
the  lower  portion. 

The  sections  of  Tunbridge  Wells  Sand  to  be  visited  would 
not  be  of  great  interest  to  fossil  collectors,  but  they  showed  some 
interesting  structures  in  the  shape  of  "  honey-comb  "  weathering,, 
and  peculiarly  well-developed  jointing.  The  hard  rocky  nature 
of  the  Upper  Beds  also  formed  a  picturesque  feature  of  the 
landscape,  as  would  be  seen  later  in  the  grounds  of  Redleaf, 
where  the  rock  exposures  resembled  those  on  Tunbridge  Wells 
Common. 

Proceeding,  by  kind  permission  of  Mrs.  F.  E.  Hills,  to  the 
private  grounds  of  Redleaf,  the  rocks  before  mentioned,  with 
their  characteristic  features,  were  examined,  and,  under  the 
courteous  guidance  of  Mr.  G.  Ringham,  the  head  gardener, 
portions  of  the  gardens,  including  many  excellent  specimens  of 
ornamental  trees,  and  exquisite  masses  of  azaleas  in  full  bloom, 
were  inspected.  On  leaving  Redleaf,  the  President,  on  behalf 
of  the  party,  heartily  thanked  Mr.  Ringham  for  the  enjoyment 
the  latter  had  afforded  them. 

The  Director  now  led  the  way  to  an  elevated  spot  in 
Penshurst  Park,  where  another  section  of  Tunbridge  Wells  Sand 
was  found,  and  a  view  obtained  of  the  park  and  Penshurst  Place 
and  Church,  about  half-a-mile  distant. 

Mr.  Handcock,  deviating  from  Geological  matters  for  the 
moment,  gave  a  few  details  of  the  history  of  Penshurst,  associated 
as  it  is  with  the  names   of  Philip  and  Algernon  Sidney  and 
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William  Penn,  and  whose  praises  have  been  sung  by  Spenser, 
Ben  Jonson,  and  Waller. 

With  regard  to  the  occurrence  of  Grinstead  Clay  in  this  area, 
the  Director  ventured  the  suggestion  that  the  exposure  noticed 
by  Drew  and  mentioned  by  Topley  in  his  Memoir  on  the 
Weald  was  really  an  outlier  of  the  Weald  Clay.  Such  an 
outlier  occurs,  and  is  mapped,  in  the  grounds  of  Redleaf,  and  this 
probably  extends  farther  east  than  is  shown  on  the  map.  A 
digging  for  a  water  main  in  the  summer  of  1907  was  made 
through  this  clay,  and  specimens  of  clay  obtained  by  the 
Director  match,  in  every  particular  (especially  in  colouring), 
another  set  of  specimens  obtained  near  Tunbridge  Wells,  where 
a  trench  14  ft.  deep  was  dug  through  an  outlier  of  undoubted 
Weald  Clay. 

A  significant  fact  mentioned  by  Drew  is  that  this  clay  overlies 
white  sand  rock,  which  is  always  the  character  of  the  Upper 
Tunbridge  Wells  Sand  in  this  area. 

Passing  through  the  northern  boundary  of  Penshurst  Park 
another  section  of  Tunbridge  Wells  Sand  (lower  beds)  was  seen 
at  Paul's  Hill,  near  Leigh,  after  which  the  party  descended  to 
the  River  Medway  at  Ensfield  Bridge,  close  to  the  site  of  the 
Penshurst  coal-boring.  Some  of  the  cores,  of  varying  diameter, 
were  exhibited,  the  deepest  (and  smallest)  consisting  of  Kimeridge 
Clay  which  was  reached  at  a  depth  of  about  1,500  ft.  After 
passing  through  about  350  ft.  of  that  formation  the  boring  was 
abandoned. 

A  gravel  section  about  100  yards  from  the  bridge  was  next 
examined,  and  about  a  mile  farther  down  the  valley  another 
section  of  gravel  resting  on  Wadhurst  Clay  proved  of  interest 

Specimens  of  all  these  gravels,  as  well  as  the  Starve  Crow 
gravel  (visited  by  the  Association  in  April,  1907)  and  the  Hever 
Lodge  gravels  of  the  River  Eden,  were  placed  in  view  by  the 
Director  at  Sir  Andrew  Judd*s  Commercial  School,  whither  the 
party  adjourned  for  tea. 

After  tea  the  President,  speaking  on  behalf  of  the  Association, 
thanked  the  Director  for  his  services,  and  the  Headmaster  of  the 
School  for  placing  the  rooms  at  their  disposal. 

The  London  members  left  Tonbridge  by  the  7.25  train. 
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EXCURSION    TO    THE    MID    AND   SOUTH  COTTES- 
WOLDS  AND  TO  THE  TORTWORTH  AREA. 

June  5Th  to  qth  (Whitsuntide),  1908. 

Directors:  L.  Richardson,  F.R.S.E.,  F.L.S.,  F.G.S.,  and 
Prof.  S.  H.  Reynolds,  M.A.,  F.G.S. 

Excursion  Secretary:  Dr,  C  G.  Cullis. 

(JReport  by  IViK  DIRECTORS.) 

Part  I.  by  L.  Richardson. 

The  official  party  left  Paddington  on  June  sth  at  6.10  p.m.,  and 
arrived  at  Stroud  at  8.28  p.m.,  the  headquarters  being  at  the 
Imperial  Hotel,  Stroud. 

On  Saturday,  June  6th,  the  members  left  Stroud  by  the  8.48 
a.m.  train,  arriving  in  Cheltenham  at  9.56  a.m.,  where  they  were 
met  by  Mr.  Richardson.  From  the  station  they  drove  to  the 
Battledown  Brick  Works  (Messrs.  Webb  Bros.'). 

Entering  by  the  Hales  Road  gate  the  "sand-pit"  was  first 
studied.  It  shows  about  16  ft.  of  yellow  quartzose  sand  resting 
upon  blue  clays  of  Valdani  hemera.  The  sand  forms  part  of  the 
bed  upon  which  the  greater  portion  of  Cheltenham  is  built,  and 
which  attains  a  thickness  of  anything  up  to  50  ft.  Hillwards  it 
passes  into  the  gravel  of  Inferior  Oolite  and  Upper  Lias  lime- 
stones, and  valewards — in  the  direction  of  the  Severn — into  the 
so-called  Northern  Drift. 

Passing  through  the  works  and  under  Hayward's  Road,  the 
large  pit  was  entered.  Its  size  and  depth  elicited  comment,  and 
not  without  reason,  for  its  maximum  length  is  about  220  yards, 
its  greatest  breadth  75,  and  its  depth,  in  the  deepest  place, 
70  ft.  The  deposits  have  a  south-easterly  inclination,  and  are 
principally  clays  of  Valdani  and  striati  hemerae.  The  upper  part 
of  the  Striatum-^td^s  contains  many  nodules  of  yellowish  lime- 
stone and  ferruginous  concretions,  the  latter  consisting  of 
numerous  concentric  layers  grouped  around  a  mud  pellet  or  fossil 
for  a  nucleus.  The  deposit  in  which  these  nodules  -occur  was 
called  the  "Yellow  Lias"  by  the  earlier  geologists,  and  has 
yielded,  and  still  does  provide,  a  rich  and  well  preserved  assem- 
blage of  fossils. 

Above  the  Stria  turn-Beds,  at  the  extreme  eastern  end  of  the 
pit,  is  seen  the  very  base  of  the  Capricomus-Beds,  somewhat 
sandy  beds  with  Plicatula  spinosa.  In  the  hillside  above  the  pit 
the  impure  limestones  of  the  Capricorftus-BedSy  which  were 
exposed  when  the  Battledown  reservoir  was  made,  must  crop 
out ;  while  the  increasingly  sandy  condition  of  the  succeeding 
deposits,  those  of  aigoviani  hemera  (or  the  Lower  Margaritatus- 
Beds  of  Quenstedt)  is  evidenced  by  the  growth  of  gorse  bushes. 
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Battledown  Hill  is  capped  with  the  Marlstone,  but  it  is  now 
nowhere  exposed. 

From  Webbs'  pit  the  drive  was  continued  to  the  foot  of 
Leckhampton  Hill.  Before  commencing  the  climb,  Pilley  or 
Pilford  Pit  was  pointed  out.  It  is  now  closed  down,  but  the 
Capricomus-B^ds  were  formerly  well  exposed  there  and  richly 
fossiliferous.     The  very  base  of  these  beds  was  pointed  out  at 


Oolite  Marl. 


Fig.  39.— Leckhampton  Hill  Quarry. 

(Photo  by  Prof.  S.  U,  Reynddf.) 

Reproduced  from  *'  A  Handbook  to  the  Geology  of  Cheltenham." 

Webbs'  pit,  so  that  Pilford  continues  the  upward  sequence.^  The 
sandy  beds  of  algoviani  hemera  are  not  exposed  anywhere  on  the 
slopes  of  Leckhampton  Hill ;  the  best  places  to  see  them  are  at 
Robin's  Wood  Hill  and  Stonehouse,  at  both  of  which  places  the 
Capricomus-Eeds  are  seen  below.  Neither  is  the  Marlstone 
exposed  at  Leckhampton  Hill,  but  the  platform  to  which  it  gives 
rise  is  noticeable,  and  forms  the  site  for  Hill  House  (see  Plate 
XXVIII,  Fig.  i). 
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Before  commencing  the  climb  up  the  steep  path  alongside  the 
quarry  tram-line  to  the  "  middle  jenny,"  the  Director  stated 
that  they  stood,  roughly  speaking,  on  the  Marlstone  of  the 
Middle  Lias,  and  that  when  they  arrived  at  the  "  middle  jenny  " 
in  the  large  quarry  (Fig.  39)  they  would  be  on  about  the 
horizon  of  the  Lower  Limestone.  In  other  words,  they  would 
have  passed  over  the  whole  of  the  Upper  Lias.  At  Leckhampton 
Hill  the  Upper  Lias  is  about  230  ft.  thick,  and  almost  wholly 
clay.  The  top  portion  is  somewhat  arenaceous  and  very 
micaceous,  and  only  at  the  very  top  here  and  there  along  this  hill- 
side is  there  a  thin  sand  deposit  lithically  comparable  with  the 
Cotteswold  Sands.  At  Stinchcombe  Hill,  near  Dursley,  however, 
while  the  Upper  Lias  is  about  270  ft.  thick,  230  ft.  of  it  is  sand — 
the  Cotteswold  Sands.  At  Bredon  Hill  to  the  north  it  is  known 
that  there  is  clay  of  the  same  date  as  portions  of  the  Sands 
and  Cephalopod  Bed  of  more  southern  sections,  so  that  it  is  quite 
possible  that  some  portion  of  the  Upper  Lias  clay  at  Leckhampton 
Hill  is  equivalent  to  some  portion  of  the  Cotteswold  Sands  at 
such  places  as  Stinchcombe  Hill. 

Before  studying  the  beds  exposed  in  Leckhampton  Hill  a 
r^sum^  was  given  of  what  is  known  concerning  the  Inferior 
Oolite  rocks  of  the  Cotteswold  Hills  between  this  hill  and 
Wotton-under-Edge,  in  so  far  as  it  concerned  the  day*s  work. 

In  all  some  twenty-seven  sub-divisions  have  been  made  of 
the  Inferior  Oolite  of  the  West  of  England.  From  the  Cotteswold 
Hills,  in  the  maximum  development,  deposits  of  two  hemerae  are 
absent,  namely,  of  Blagdeni  and  nioriensis.  That  reduces  the 
sub-divisions  recognisable  in  the  Cotteswolds  to  twenty-five.  In 
these  hills,  between  the  Upper  Lias  and  a  bed  called  the  "  Upper 
Trigonia-Q^nt^^  come  nineteen  of  these,  but  not  a  single  one  of 
them  is  co-extensive  with  the  hills. 

Starting  at  the  bottom,  the  Aa/emis-Beds  are  best  developed 
in  the  neighbourhood  of  Pen  Wood,  south  of  Stroud ;  the 
Opa/imydrpi€-Beds  range  certainly  from  Haresfield  to  Old 
Sodbury ;  and  the  Scissum-Beds  spread  over  the  whole  of  the 
Inferior  Oolite  tract,  except  for  a  space  contiguous  to  the 
Moreton  Valley,  where  they  are  overstepped  by  the  Lower  Lime- 
stone ;  and  south  of  Sodbury,  where  their  outcrop  is  traversed  by 
the  Upper  Trigonsa-Gnt  The  top  portion  of  the  Lower  Lime- 
stone of  the  Stroud  district  may  be  equivalent  to  the  upper 
portion  of  the  lower  half  of  the  Pea  Grit  of  the  Cheltenham 
district.  At  Leckhampton  Hill  the  top  portion  of  the  Pea  Grit  is 
tubbly  and  its  equivalent  seems  to  be  the  Pea  Grit  of  Selsley  Hill, 
which  there  rests  upon  a  somewhat  eroded  surface  of  the  under- 
lying Lower  Limestone.  South  of  Selsley  Hill,  at  Frocester  Hill 
and  Coaley  Wood,  a  thin  bed,  a  few  inches  thick,  is  all  that 
represents  the  Pea  Grit,  and  even  that  cannot  be  definitely  located 
in  the  Wotton-under-Edge  area,  where  it  is  best  to  speak  of  the 
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freestones  as  simply  the  "Freestone  Beds."  In  the  North 
Cotteswold,  however,  the  Pea  Grit  is  represented  by  the  "  Yellow 
Beds  "  or  "  Guiting  Stone." 

Above  the  Pea  Grit,  where  it  is  well  developed,  is  a  Coral  Bed 
— the  "  Fourth  Coral  Bed  " — which  is  rich  in  micro-organisms. 

The  Lower  Freestone  has  about  the  same  geographical  extent 
as  the  Scissum-Beds,  and  is  best  seen  at  Leckhampton  Hill,  where 
the  coarser  lower  portion  was  called  the  "  Roestone  "  by  the 
earlier  geologists.  The  Oolite  Marl  is  essentially  a  Cotteswoldian 
deposit,  but  it  is  more  clayey  in  some  places  than  in  others.  At 
Leckhampton  Hill  it  is  more  "rocky"  than  usual.  Its  geo- 
graphical extent  is  not  so  great  as  that  of  the  underlying  Freestone, 
probably  owing  to  a  slight  flexuring  of  the  rocks  in  early  bradford- 
tnsis  times.  At  Wagborough  Bush  a  horizon  that  is  high  up  in 
the  equivalent  to  the  Upper  Freestone  at  the  Frith  Quarry  rests 
directly  upon  the  Lower  Freestone.*  At  Cleeve  and  Leck- 
hampton Hills,  of  course,  it  is  well  developed  ;  but  at  Birdlip  it 
cannot  be  very  definitely  located.  South  of  the  Birdlip  anticline, 
however,  in  Cranham  Woods,  it  comes  in  again ;  at  the  Frith 
Quarry  it  is  difficult  to  separate  from  the  Upper  Freestone ;  but 
at  Selsley  Hill  there  are  limestones  with  marly  partings  on  its 
horizon,  and  above  beds  referable  to  the  Upper  Freestone.  By 
Frocester  Hill  it  is  gone,  having  been  removed  probably  during 
the  Bajocian  Denudation. 

About  the  close  of  the  hemera  bradfordensis  crust-pressures 
were  renewed,  resulting  in  flexuring  along  the  old  lines  of  weak- 
ness. When  the  succeeding  Ragstone  Beds  came  to  be  deposited, 
the  earliest  of  them  had  a  certain  geographical  extent,  not  reach- 
ing south  of  Leckhampton  Hill  in  the  Cotteswold  province.  The 
Lower  TrigoniarQ,Ti\.  had  a  wider  range,  its  top  portion  overspread 
the  Birdlip  anticline,  and  most  of  the  succeeding  beds  did  so  too. 
Then,  however,  occurred  the  Bajocian  flexuring  and  denudation  ; 
the  deposited  rocks  were  thrown  into  anticlinal  and  synclinal 
flexures — the  rocks  in  the  synclines  being  preserved,  according  to 
the  amount  of  their  depression,  and  those  on  the  anticlines 
removed,  according  to  the  amount  of  their  elevation.  The 
two  main  anticlinal  axes  were  along  the  line  of  the  Moreton  Valley 
and  Mendip  Hills,  meeting  at  right  angles  somewhere  in  the  neigh- 
bourhood of  the  Marlborough  Downs.  A  synclinal  axis  radiated 
along  the  line  of  Cleeve  Hill :  there  was  an  anticlinal  axis  at 
Birdlip ;  a  synclinal  one  near  P^inswick ;  but  thence  south- 
wards, right  away  to  the  Mendip  Hills,  was  the  limb  of  an  anti- 
clinal flexure,  with  possibly  a  slight  anticlinal  roll  in  the  neighbour- 
hood of  Dursley. 

The  Ragstone  Beds  between  the  Freestones  and  the  Upper 
Trigonia-OtxiX,  have  been  called  the  "  Intervening  Beds."  At 
Leckhampton   Hill  they  are,   in  ascending    order,  the  Lower 

*  See  Pfoc.  Giot.  Assoc,  vol.  xviil,  Pt.  8  (1904),  p.  404. 
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Triju^onia-Gniy  Buckmant-Grit,  Giyphite  Grit,  and  Notgrove 
Freestone.  These  were  investigated  by  the  members,  and  the 
great  number  of  annelid  borings  in  the  top  portion  of  the 
Notgrove  Freestone  in  the  quarries  on  the  summit  of  the  hill 
caused  general  surprise.  Above  the  Notgrove  Freestone  was 
seen  the  Upper  Trtgonsa-Gnt* 

After  an  inspection  of  the  Firs-Brake  section,  where  the 
much  disturbed  bottom-beds  of  the  Inferior  Oolite  are  seen 
above  the  Upper  Lias  clays,  the  members  rejoined  the  brakes, 
making  the  next  stop  at  the  quarry  on  the  east  side  of  the  road 
just  beyond  the  "  Air  Balloon  "  Inn. f  Here  the  top  portion  of  the 
Freestone  series  and  certain  portions  of  the  Lower  Trigania- 
and  Buckmani'Gn\.%  were  seen,  and  it  was  stated  that  on  the 
evidence  of  the  classic  "  Tuffley's  Quarry  "  section,  on  the  other 
side  of  the  road,  it  was  known  that  the  succeeding  deposit  was 
the  Upper  Tri^onia-GnX..  So  the  Notgrove  Freestone  and 
Gr}'phite  Grit  have  gone.  Farther  along  the  road  in  the  direction  of 
Birdlip,  at  the  Cuckoo  Pen  Quarry,  the  Upper  and  Lower  Trigonia- 
Grits  are  in  apposition.     The  BuckmanuGvii  has  disappeared. 

Leaving  the  quarry  near  the  "  Air  Balloon  "  the  road  crosses 
the  head  of  a  small  combe.  The  hard  top-bed  of  the  Buckmani- 
Grit  can  be  followed  from  Tuffley's  Quarry  along  the  upper 
southern  portion  of  this  combe.  Then  comes  a  fault,  for  the 
ClypeuS'GT\\^  which  succeeds  the  Upper  Trigonia-^^uX^  is  seen  in 
some  old  workings  on  the  waste  ground  to  be  on  a  level  with  the 
Pea  Grit  Coral  Bed.  The  effects  of  the  fault  are  perhaps  best 
seen  on  the  east  side  of  the  road,  for  the  Fullers'  Earth,  which 
throws  off  water  at  the  head  of  the  little  combe,  is  below  the 
level  of  the  freestone  exposed  in  the  extensive,  although  now 
abandoned,  quarries. 

From  the  top  of  the  rise  there  is  a  good  view  of  the  quarried 
face  of  Crickley  Hill,  in  which  the  Pea  Grit,  with  its  overlying 
Coral  Bed,  is  so  admirably  exposed  (Fig.  40). 

After  lunch  at  the  "George"  Hotel,  Birdlip, J  at  2  p.m.,  the 
sections  in  the  grounds  of  the  hotel,  and  of  **The  Knap"  (by 
kind  permission  of  the  late  Mr.  A.  S.  Helps)  were  visited.§ 

The  first  section  examined  was  that  on  the  hill-side  nearest 
the  hotel.  It  shows  the  succession  downwards  from  the 
ClypeuS'GxM  to  the  Lower  Freestone,  and  special  stress  was  laid 
upon  the  fact  that  the  Upper  TrigoniaGxW.  here  rests  directly 
upon  the  Freestone  without  any  intervening  Lower  Trigonia-Gtii 
or  other  sub-division  of  the  "  Intervening  Beds,"  and  that  there  is 
also  a  non-sequence  between  the  Upper  Trigonia-Gx\\.  and  Clypcus- 
Grit,  the  Dundry  Freestone  and  Upper  Coral  Bed  being  absent 

*  For  a  detailed  description  of  the  Leckhampton  Hill  Section  see  Proc»  Coittsaold 
Nat.  F.  C,  vol.  XV,  part  3  (1906),  pp.  182-189. 

f  Quart.  Joutn.  Ctol.  Soc,  vol.  fix  (1903),  p.  384. 

i  It  was  at  the  "  Black  Horse." opposite  the  "  George "  Hotel,  that  the  Cotteswold  Clnb> 
was  founded  in  1846,  and  held  its  jubilee  meetlnK  in  1696. 

§  See  also  Proc.  Cotteswold  Nat,  F.  C,  vol.  viii,  part  1  (for  1883-84),  pp.  x6z  $t  itqq. 
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The  large  quarry  in  the  Freestone  was  not  explored  ;  instead 
the  members  proceeded  to  Mr.  Helps's  garden.  On  the  way  to 
"  the  cave "  the  Pea  Grit  Coral  Bed  was  pointed  out,  and  the 
underlying,  and  formerly  extensively  worked,  Pea  Grit,  the  top 
portion,  as  usual,  being  rubbly. 

The  dip  being  in  a  south- easterly  direction  older  beds  were 
successively  traversed  as  the  members  proceeded  in  the  direction 
of  "  The  Peak,"  and  the  massive  Sa'ssum-Beds  eventually  came 
into  view  by  the  path-side  with  the  Upper  Lias  below.  But  in  a 
"  cave "  that  Mr.  Helps  had  excavated,  and  which  the  members 
entered,  the  junction  of  the  two  formations  was  far  better  dis- 
played. Above  is  the  very  even  under-surface  of  the  massive 
Sa'ssum-Beds ;  around  the  tough,  bluish-grey  clays  of  the  Lias, 
very  micaceous,  and  containing  a  ferruginous  indurated  band. 
Unfortunately  no  fossils  have  been  found  in  this  clay,  and 
therefore  even  the  approximate  date  cannot  be  definitely 
ascertained. 


Generalised  Section  of  the  Escarpment  at  Birdlip  Hill. 


[Fuller's 
Earth. 


I.-III.— Clypeus 
Grit. 


Non-Sequence. 

VI.— -Upper 

Trigonia-GRVT, 

Non-Sequence. 

(?)  Upper 
Freestone. 


(?)  OOLFTE 

Marl. 


Indifferently  exposed  in  the  roadside  on  the  top  of 
the  rise  between  Birdlip  and  the  saw-mills  ] 

Rubbly  cream-coloured  rock  with  pisolite- 
spherules  of  a  pinkish  or  brown  tinge  ; 
Clypeus  ploti  (very  common),  HoUctypus 
detressusy  Terebratula  globata^  auctt.,  non 
Sow.,  Ter.  ^lohata^  var.  birdhpensisy  Walker, 
Rhynchonella  spp.,  PUuromya  goid/ussi^ 
Strophodus  (tooth),  etc.,  seen  in  the  section 

Limestones,  whitish,  oolitic,  the  top  bed  covered 
with  oysters  ;  Terebratula  glohaia 

Marl,  yellowish,  oolitic,  crowded  with  Ter. 
gloiata,  passing  down  into  a  rubbly  lime- 
stone           about     I 

Limestone,  rubbly,  not  well  exposed  .        .        .     i 

Limestone,  very  massive,  usually  in  two  beds ; 
rarely  fossil iferous 3 

Upper  Coral-Bed  and  Dundry  Freestone 
wanting. 

Ragstones,  grey,  shelly ;  top  bed  bored  and 
covered  with  oysters  ;  usual  fossils     . 

Deposits  of  Blagdent-concavi  hemerse  wanting. 

Limestone,  white,  oolitic,  flaggy.  Top  bed 
slightly  bored  in  places,  with  oysters 
adhering  ;  Terebratula  fimbria  15  inches 
from  the  top 4 

Limestone,  softer  than  the  bed  above,  and  of  a 
yellower  colour   .        .        .    •    .        .        ,8 

Marl,  yellowish,  oolitic o 

Limestone,  rubbly  in  the  centre  ;  Rhynchonella 
of  the  Rh,'Wilchetli  type       ....     I 

Marl,  yellowish,  oolitic  ;  Terebratula  fimbria 
(rare),  Rhynchonella  (fragment),  "  no  micro- 
organisms "  (C.  Upton,  in  littJ)  .        .        .    o 
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Lower 
Freestgnb. 


Pea  Gkit. 


^  quarry 

I  "  Fissile  Oolite  ' 


Sctssum'BEDS,    ' 


Upper  Lias. 


[  Limestone,  white,  oolitic  ;  top  bed  well  planed 

I  and   slightly  bored.      Seen   in   the  large 

about  60 
(^Us/e  Lucy)     .         .         .         .10 

/Coral  Bed.  A  whitish,  rubbly,  usually  non- 
oolitic  limestone,  full  of  corals  ;  (?)  Isastrma 
rickardsoni^  Kobya  terqu€mi^  TAecosmilia 
rugosa^  Cosmoserts  incrustans^  Isastraa  aflf. 
Itmitata^  Isastrcea  flemtngi^  Thatnnastrcea 
defiancei^  Heterapora  coniftra^  etc. 
Limestone,  made  up  of  pisolite-spherules,  com- 
pact in  some  places,  rubbly  in  others.  The 
rubbly  beds  occur  at  the  top  ;  the  lower 
beds  are  massive,  and  less  pisolitic 
and  fossiliferous.  The  lowest  bed  is  a 
massive  limestone,  7  feet  thick  ;  Cidaris 
bouchardi,  Cidaris  fowUri^  Stomechtnus 
intirnudius  var.germinans,  Pygastsr  semisui- 
cattis^  Pstudodtadema  depressuniy  LUtorina 
cf.  rectiplanata^  Haplcsda  stramima^  Lym- 
norella  inctusa^  usual  brachiopods  and 
pelecypods 60 

^  Limestone,  hard,  coarse,  yellowish-brown,  sandy ; 
belemnites  numerous  on  the  under  surface, 
but  difficult  to  extract.  Rhynchonella  sub- 
decorata^  Terebrotula^  sp.  nov.  ;  Trigonia^ 
Grtsslya^  Pholadomya^  and  Ceromya  {teste 

Lucy) 7 

Clay,  bluish-grey,  very  micaceous,  seen     .        .    6 


ft.   in. 


15     o 


Leaving  Birdlip,  a  quarry  near  the  saw  mills  was  passed,  where 
the  Upper  Trigonia-Gni  rests  upon  the  Freestone,  and  a  mine  on 
the  right  in  which  the  Lower  Freestone  has  been  worked  beneath 
the  Oolite  Marl,  which  has  come  in  again.  The  first  halt,  how- 
ever, was  at  the  Buckholt  Wood  Quarry,  where  the  Upper 
TrigoniaGnt  rests  upon  the  Gryphite  Grit,  with  the  Buckmani 
and  Lower  Trigonia-QriX,^  below.  So  three  members  of  the 
"Intervening  Beds"  have  come  in  again,  which  shows  that  a 
synclinal  area  has  been  entered. 

After  tea  at  the  "Falcon"  Hotel,  Painswick,  at  4  p.m.,  the  mem- 
bers walked  across  to  "The  Frith."  Mr.  Charles  Upton  had 
joined  the  party  at  Painswick,  and  undertook  the  explanation  of 
the  sections  here.  First  he  led  the  way  into  a  quarry  in  very 
unpromising-looking,  rubbly,  lime-washed  beds,  which,  he  said, 
contained  a  great  number  of  micro-organisms,  but  required  con- 
siderably more  attention  before  anything  like  a  complete  list  could 
be  produced. 

The  beds  are  on  the  horizon  of  the  Pea  Grit  Coral  Bed. 

Entering  the  quarry  called  "  The  Frith  Quarry,"  the  peculiar 
marly  beds  which  here  represent  the  Oolite  Marl  and  Upper 
Freestone  were  pointed  out,  and  a  large  number  of  examples  of 
Rhynchonella  cynomorpha  and  Rh,  tatei  were  collected  from  near 
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the  top.  The  Lower  Trigonia-  and  Buckmani-Gnts  were  also 
pointed  out,  but  time  pressed,  and  the  visit  to  Worgan's  Quarry 
had  to  be  abandoned.  Worgan's  Quarry  exhibits  a  magnificent 
development  of  the  Upper  Coral  Bed,  which  has  yielded  a  large 
number  of  echinoids  and  micro-organisms,*  resting  upon  the 
Upper  Trigofiia-Grit. 

WORGAN'S  QUARRV,  NEAR  StROUD. 

Thickness. 
ft.    in. 
''Rubbly  white  oolite,  mixed  with   marly  clay 
(especially  near  the  base)  and  having  two 
wellndefined   lines   of  coral,   Isastnra   sp., 
AmbtrUya     kudlestoni^    PUurotemaria    sp. 
(very   depressed   form),   Solarium  cf.  stuh- 
IV. — Upper       J  varicosum^       Rhynchonella       subtetrahedra^ 

Coral  Bed.  Terehratula    UntiformU^    Ztilleria    vjoltoniy 

common,  Magnosia  forbesi^  Ptdtna  rotata^ 
Poly cy thus  normanmus^  Pedtn  (jCJtlamys) 
articulatus^  etc,  Spirijerina  ?  ooluica^  and 
other  micro-brachiopods,  foraminifera  and 

ostracoda 6    O 

Non-Sequbncb.      Dundry  Freestone  wanting. 
VI. — Upper       (  Ragstone,  shelly,  layer  of  oysters  on  the  top  and 
TVfj'tfmVz-GRrr.     (         bored ;  usual  fossils :  seen .        .  .40 


Stroud  was  reached  at  7  p.m. 

The  tract  of  country  between  Stroud  and  Uley  Bury  was  also 
investigated. 

From  the  hotel  the  members  drove  to  the  Lightpill  brick 
works,  by  the  side  of  the  Bath  Road,  where  the  Middle  Lias  is 
well  exposed,  and  thence  on  to  Dudbridge. 

Arrived  at  Dudbridge  Station,  the  Director  said  they  were  on 
the  Capricomus-Beds  of  the  Middle  Lias,  for  beds  of  impure 
limestone,  precisely  the  same  as  regards  faunal  and  lithic 
characters  to  the  contemporaneous  beds  that  were  exposed  in  the 
railway  cutting  at  Old  Sodbury,  and  in  the  pit  at  Pilford, 
Cheltenham,  had  been  laid  bare  during  the  making  of  excava- 
tions at  Messrs.  Kimmins,  Drew  &  Co.'s  offices  close  to  the 
station,  and  in  the  station-yard  itself.  In  ascending  the  hill  they 
would  pass  over  the  Middle  and  Upper  Lias,  and  see  the  Lower 
Limestone  of  the  Inferior  Oolite  in  a  quarry  on  the  edge  of  the 
Common.  Edwin  Witchell  has  described  the  geology  of  this  hill 
in  some  detail,!  and  this  is  his  "No.  6."  It  shows  an  interesting 
development  of  the  Lower  Limestone  since  that  limestone 
frequently  contains  rounded  pebbles  of  oolite,  presumably  the 
products  of  a  penecontemporaneous  erosion. 

*  See  Quart.  Journ,  Geol.  Soc,  voL  Izlii  (1907),  pp.  4x3-4x4. 

t  Proc,  Cotttswold  Nat.  F.C  vol.  iz,  part  9  (for  x886-87),  pp.  96-Z07. 
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Quarry  in  the  Lower  Limestone,  Selsley  Hill. 


Thickness, 
ft.    in. 


Lower  Limestone. 


Ximestone,  oolitic  with  a  conspicuous,  partly 

white  bed  at  the  base  :  seen    .        .        .40 

Rubbly  bed,  average 04 

Limestone,  fairly  regular  bed  .        .        .07 

Limestone,  finely-oolitic,  with  coarser  oolite- 
granules  in  lines,  giving  the  roclc  a 
streaked  appearance,  often  a  "  Dapple 

Bed " 40 

Limestone,  "  Dapple  Bed "     .        .        .        .22 
Limestone,  massive,  '*  Dapple  Bed  "      .        .34 
Limestone,    massive,    in    places  a   "Dapple 
Bed."    Has  yellow  granules  and  crowds 
of    echinoid-radioles   and     Pentacrinus- 

ossicles  ;  Ostrea  cf.  costata  :  seen      .     5    o 

In  the  next  quarry  (Nos.  4  and  5  of  Witchell),  which  is  quite 
close,  the  top  portion  of  the  Lower  Limestone  is  visible  with  the 
Pea  Grit  above,  and  this  is  followed  by  one — at  a  distance  of 
about  300  yards — in  which  the  top  portion  of  the  Lower  Free- 
stone, the  Oolite  Marl,  Upper  Freestone,  and  bottom  portion  of 
the  Upper  Trigonia-Gx\\.  are  seen.  As  brought  out  in  the  follow- 
ing record  the  beds  placed  on  the  Oolite  Marl  horizon  are  subject 
to  considerable  variation.  It  should  be  particularly  noticed  that 
there  are  no  Lower  Trigonia-  or  Buckmani-Gnts  between  the 
Upper  Freestone  and  Upper  Trigoma-Gnt  as  at  Rodborough 
HilL  In  the  south-eastern  portion  of  the  quarry  is  a  trough- 
fault,  Ragstone  Beds  being  introduced. 


Quarry  IN  the  Freestone  Series,  Sblsley  Hill. 


^^^^Grit^***'  }  Ragstone,  shelly;  usual  fossils  :  seen 

Non-Sequence.      Deposits  of  Blagdeni-concavi  hemerae  wanting 

Oolite,  thin-bedded,  flaggy 

'Limestones,  with  an  undescribed  species  of 
Rhynchontllay  Ttrebratula  fimbria^  Rhyn'- 
choHilla  granulata^  and  Lima  semidrcuiaris^ 
and  layers  of  shaly  marl,  subject  to  much 
variation.  Specimens  of  Lucina^  Acrosaienia 
and  Hemipedina  tetragramma^  found  on  the 
spoil  heaps,  probably  from  this  horizon: 
I  foot  9  inches  to  4  feet  .... 
Marl,  brownish,  oolitic,  with  pebbles  at  the  base  ; 
Rhynckonella  subobsoUta^  Ttrebratuiajimbria^ 

and  Cypricardia 

Lower  ) 

Freestone.      «  Limestones,  massive,  oolitic 
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Upper 
Freestone 


Oolite  Marl. 
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In  Witcheirs  time  about  7  feet  more  of  Lower  Freestone  were 
exposed.     He  remarked  that  "  it  is  rather  singular  that  so  little  of 
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the  Freestone  should  have  been  worked  in  this  hill,  as  the  beds 
must  be  70  ft.  thick. 

Between  this  quarry — which  is  No.  2  of  Witchell — ^and  the 
tumulus  is  a  shallow  quarry  (No.  i  of  Witchell)  in  the  Ragstone 
Beds.  The  top  bed  of  the  Upper  Trigonia-Gnt  is  easily  recc^- 
nised  by  the  number  of  oysters  that  are  adherent  to  it  and  by  its 
bored  condition.  This  **  Grit  *'  is  known,  on  the  evidence  of  the 
last  section,  to  rest  directly  upon  the  Upper  Freestone ;  there  is 
no  Gryphite  Grit  in  between  as  Witchell  thought.  It  is  true  that 
he  remarked,  "  the  Gryphite  Grit  appears  to  be  changing  from  its 
usual  ferruginous  aspect  to  that  of  the  [Upper]  Trtgonia-Bed^ 
and  from  the  absence  of  its  most  characteristic  fossils  it  is 
difficult  to  identify  it" 

Above  the  Upper  Trigonia-Gnt  is  a  bed  of  very  distinctive 
lumps  of  limestone  containing  Terebratula  subspharaidalts  and  a 
new  species  of  Rhynchonella,  Mr.  C.  Upton  has  washed  some 
of  the  marl  associated  with  these  limestone  masses  and  records 
Ostracoda  and  Foraminifera.  Rubble  of  typical  Clypeus-Gnl 
succeeds. 

The  features  of  the  surrounding  country  were  pointed  out 
from  the  top  of  the  tumulus,  which  is  689  ft.  above  Ordnance 
Datum,  and  an  interesting  discussion  on  River  Development  took 
place,  in  which  the  President,  Mr.  Whitaker,  Dr.  A.  Vaughan, 
and  Dr.  Cullis  took  part.  The  Director  then  called  attention  to 
the  fact  that  the  sequence  they  had  been  studying  was  completed 
at  Bown  Hill,  which  is  an  outlier  of  Fuller's  Earth  and  basal 
Great  Oolite  beds. 

Magnificent  views  over  the  vale  were  obtained  during  the 
drive  along  the  edge  of  the  hills,  and  when  the  ever-breezy 
Frocester  Hill  was  reached  the  flat-topped  Cam  Long  Down 
attracted  particukr  notice.  Few  views  are  more  inspiring  than 
this  one. 

First  the  exposure  by  the  side  of  the  main  road  of  the 
Cephalopod  Bed  with  the  overlying  Opaliniforme'  and  Scissum- 
Beds  was  investigated,  and  then  the  large  quarry  in  which  Lower 
Limestone,  the  thin  layer  on  the  horizon  of  the  Pea  Grit,  and 
lower  portion  of  the  Lower  Freestone  are  seen. 

After  an  alfresco  meal  the  members  passed  oo^to  Uley  Bury, 
first  examining  the  large  quarry  in  which  the  thin  rubbly  layer 
representing  the  Pea  Grit  is  seen  amid  the  freestones,  and 
then  descending  to  the  section  of  the  Cephalopod  Bed.  The 
sections  here  are  much  the  same  as  at  Frocester  Hill,  so, 
after  a  brief  inspection,  the  members  returned  to  the  entrance 
of  the  Uley  Camp,  where  the  Director  outlined  the  history 
of  closing  British  times  and  the  early  years  of  the  Roman 
occupation. 

A  visit  to  the  far-famed  Uley  tumulus,  which  was  entered, 
completed  the  day's  work,  and  after  tea  at  Nympsfield  the  drive 
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back  to  Stroud  was  by  the  same  route  as  that  traversed  during 
the  morning— along  the  escarpment. 

On  Monday  the  members  left  Stroud  (M.R.)  at  lo.io  a.m., 
and  arrived  at  Charfield  at  10.58  a.m.  From  the  station  they 
drove  to  Wotton-under-Edge. 

Passing  through  Wotton,  they  ascended  Wotton  Hill  to  study 
the  sequence  of  Inferior  Oolite  beds  as  developed  in  this  part  of 
the  Cotteswold  Hills. 

The  first  section  examined  was  that  well  known  for  its  fine 
exposure  of  the  Cephalopod  Bed,  which  is  seen  above  the 
Cotteswold  Sands  and  below  the  Sdssum-Beds,  The  Striatulum- 
Beds  at  the  base,  comprising  two  fairly  massive  beds  of  impure 
limestone  separated  by  a  shaly  parting,  were  pointed  out,  and 
particular  stress  was  laid  on  the  fact  that  since  they  overlaid  the 
Cotteswold  Sands  those  Sands  were  i^To-siriatulL  Farther  south, 
at  "  The  Springs,"  Dodington,  Grammoceras  striatulum  occurs  in 
the  sands,  and  at  Timsbury  Sleight,  in  Somerset,  below. 

Continuing  up  Wotton  Hill  the  large  quarry  in  which  the 
Freestone  Beds  have  been  so  extensively  worked  was  visited. 
These  Freestone  Beds  succeed  the  5hVj«»»-Beds  of  the  previous 
section,  and  while  they  mainly  represent  the  Lower  Limestone  it 
is  just  possible  that  one  of  the  rubbly  layers  represents  the  Pea- 
Grit  band  of  the  Frocester-Hill  section,  which  would  make  the 
portion  of  the  Freestone  above  referable  to  the  Lower  Freestone. 
Resting  upon  the  bored  and  waterworn  surface  of  this  freestone  is 
a  feeble  representative  of  the  Dundry  Freestone,  succeeded  by  a 
not  much  more  conspicuous  development  of  the  Upper  Coral 
Bed.  Above  come  beds  which  must  be  referred  to  the  Upper 
Trigania-Qrii^  although  scarcely  typical  of  that  sub-division, 
succeeded  by  readily  recognisable  Clypeus-QinX., 

The  main  object  of  visiting  these  two  sections  was  to 
demonstrate  (i)  that  the  Cotteswold  Sands  are  of  i^iQ-siriatuli 
date,  and  (2)  that  between  the  Scissum-  and  Ragstone  Beds  come 
only  Freestone  Beds — no  Oolite  Marl,  Upper  Freestone,  or  any 
of  the  "intervening  beds."  The  Director  stated  that  if  they 
examined  the  sections  between  here  and  Bath  they  would  find 
that  even  the  Freestone  Beds  disappeared,  so  that  in  the  neigh- 
bourhood of  Bath  the  Upper  Trigonia-Oni  rests  directly  upon 
the  Sands.  But  north,  as  they  were  now  aware,  there  was  a 
general  thickening  as  far  as  the  neighbourhood  of  the  Moreton 
Valley,  although  beds  appeared  and  disappeared  according  to 
the  results  of  the  Bajocian  flexuring  and  denudation. 

Before  turning  into  the  woods  the  position  of  the  Fullers' 
Earth  and  Great  Oolite  was  indicated,  so  that  in  the  neighbour- 
hood there  is  a  complete  sequence  from  the  Lower  Lias  below 
Wotton  to  the  basal  beds  of  Great  Oolite  on  Symond's  Hall 
Hill. 

Passing  through  Westridge  Wood  the  members  came  out  on 
Proc.  Geol.  Assoc,  Vol.  XX,  Part  7,  1908.]  37 
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the  scantily  grass-clothed  Nibley  Knoll,  which  is  rendered  con- 
spicuous from  the  vale  by  the  monument  erected  to  Tyndale, 
the  translator  of  the  New  Testament 

After  the  Director  had  explained  the  geography  and  geology 
of  the  scene  before  them,  Prof.  S.  H.  Re)nolds  contributed 
some  remarks  on  the  country  to  be  traversed  during  the 
following  day  around  Tortworth,  which  was  clearly  visible  down 
in  the  vale.  Mr.  Whitaker  added  some  observations,  and  then 
the  neighbouring  quarry  in  the  Freestone  and  Ragstone  Beds  was 
briefly  studied.  It  shows  the  basal  portion  of  the  Cfypeus-Gnx^ 
all  that  represents  the  Upper  Trigoma-(jnty  and — as  at  VVotton  Hill 
it  is  thin — the  Upper  Coral  Bed,  with  the  Freestone  Beds  below. 
The  lane  down  to  North  Nibley  is  deeply  excavated  in  the 
sands,  and  reveals  the  Cephalopod  Bed  high  up  in  the  bank  on 
the  left.  As  the  component  deposits  precisely  resemble  their 
equivalents  at  Wotton  Hill,  the  section  was  left  undisturbed,  and 
the  members  made  direct  for  the  "  White  Hart "  Hotel,  where 
lunch  was  served. 

After  lunch  the  route  lay  partly  up  and  then  across  the  deep 
Waterley  Bottom,  a  combe  typical  of  those  that  characterise  this 
part  of  the  Cotteswold  Hills.  The  lane  then  followed,  after 
crossing  the  stream  north  of  Fording  Brook,  was  that  past  the 
''  New  Inn,"  and  in  its  banks  is  afforded  the  finest  section  o(  the 
Cotteswold  Sands  in  the  Cotteswold  Hills.  The  lane  is  deeply 
cut  and  near  its  very  commencement  are  some  hardish  sandstone 
bands  intercalated  in  the  sands.  They  yielded  a  few  specimens 
of  haugia^  thereby  dating  the  portion  of  the  Sands  in  which 
they  occurred  as  variabilis.  Near  the  top  of  the  lane  the 
Cephalopod  Bed  was  seen,  but  except  that  some  of  the  layers 
are  slightly  harder,  it  agrees  with  the  equivalent  at  Wotton  Hill 
and  Nibley  Knoll,  and  therefore  requires  no  detailed  notice. 

While  the  members  were  resting  the  Director  gave  a  final 
discourse  on  the  Sands,  which  are  so  frequently  found  to  con- 
stitute a  greater  or  less  portion  of  the  Upper  Lias  or  Toarcian. 
Starting  with  what  they  knew,  they  had  now  seen  sufficient  to 
agree  that  the  Cotteswold  Sands  were  pre-j/rrVi/tt//,  and  of  about 
variabilis  and  Lilli  hemerae.  At  Timsbury  Sleight,  not  a  great 
way  from  Radstock,  in  Somerset,  the  Midford  Sands  were  post- 
striatuli — indeed,  post-Struckmanm)  and  probably  of  dispansi 
hemera.  In  brief,  at  the  Wotton  section  the  Striatulum-Zont 
comes  above  the  sands,  and  at  Timsbury  Sleight  below.  The 
pre-slriafuli  sands  are  the  Cotteswold  Sands;  the  post-slriafu/i 
sands  the  Midford  Sands.  Between  the  two  areas  in  which  these 
phenomena  are  so  evident,  is  one  in  which  the  Slriarulum-NiveaiU 
comes  in  the  sands,  which  are  therefore— in  part  at  any  rate — of 
the  hemera  striatuli.  This  is  the  date  of  the  sandy,  shaly 
deposits  above  the  Alum  Shales  and  below  the  "  Grey  Beds  ^  of 
the  Blea  Wyke  or  Ravenscar  section  in  Yorkshire.     The  Yeovil 


EXCURSION   TO   THE   MID   AND   SOUTH   COTTES WOLDS.        527 

Sands  are  of  Moorei'Dumortieria  hemerae;  the  Bridport  Sands 
still  later — late  Dumortieria^  Moorci^  aalensis  and  opaliniformis 
hemerae.  So  the  equivalents  of  certain  of  the  component  layers 
of  the  Gloucestershire  Cephalopod  Bed  are  in  certain  parts  of 
Somerset  and  Dorset  sands  of  considerable  thickness.  These 
facts  demonstrate  the  uselessness  in  such  cases  of  relying  upon 
similarity  in  lithic  structure  as  proof  of  contemporaneity,  and  they 
are  further  emphasised  by  the  deposits  of  Lilli  date,  which  are 
sands  and  sandstones  at  Coaley  Wood,  being  clays  near 
Cheltenham. 

At  Break  Heart  Hill  the  quarry  in  the  Freestone  and 
Ragstone  Beds  was  briefly  inspected.  It  is  the  one  concerning 
the  date  of  the  freestone  of  which  Mr.  H.  B.  Woodward  was  in 
some  doubt* 

Break  Heart  Hill  Quarry,  near  Durslky. 

Thickness. 

Upper  ) 

Trigonia-QKil,     j  Ragstone,  shelly  ;  usual  fossils  :  seen        .        .30 

Non-Sequence    \  ^^P^^its     of     Blagdini-bradfirdensis     hemerae 

""        "     ^  '   \         wanting. 
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bSs  J  Parting 0     1 

(Murckisona\      I  Limestone,  false-bedded  in  the  upper  portion, 

\^    ur    IS  n  ).      J         ^^^  having  a  very  regular  top  :  seen  .        .  10    o 

Returning  to  the  road,  a  short  walk  in  a  north-westerly 
direction  brought  the  members  to  a  slight  rise,  where  Fullers' 
Earth  clay  was  seen  in  the  road  sides,  and,  in  some  trenches  over 
the  hedge,  some  of  the  limestone  bands  (almost  made  up  of  the 
valves  of  Ostrea  acuminata)^  which  are  a  well-known  feature  of 
the  Fullers'  Earth  in  this  part  of  the  Cottes wolds.  A  small  pond 
in  the  wood  at  the  junction  of  the  lane  leading  down  Warend 
Hill  further  indicated  the  presence  of  the  argillaceous  Fullers' 
Earth. 

Continuing  their  walk  along  the  road  the  members  came  out 
on  the  golf  course  on  Stinchcombe  Hill,  which  they  crossed  to 
the  part  that  lies  between  Bownace  and  Hillside  Woods.  From 
this  spur,  which  commands  the  most  magnificent  views  of  the 
Lo>^^r  Severn  Valley,  the  Director  indicated  the  part  the  various 
rocks  played  in  producing  the  varied  country  within  their  view. 
Then  he  proceeded  to  give  a  more  detailed  description  of  the 
structure  of  Stinchcombe  Hill  itself.  First  comes  the  Lower 
Lias  that  forms  the  "solid"  floor  of  the  vale;  then  the 
Middle  Lias,  with  its  hard  cap  of  Marlstone  that  has  given  rise 
to  the  marked  tabular  platform  upon  which  the  houses  of  the 
hamlet  called  '*The  Quarr}'"  are  built,  which  is  followed  by  the 
slope  of  the  Upper  Lias,  here  mostly  made  up  of  sand  (Cotteswold 

•  "  The  Jurassic  Rocks  of  Britain,"  Mem.  Geol.  Surv.^  vol.  iv  (1894),  p.  108. 
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Sands),  with  the  Cephalopod  Bed  at  the  top.  Finally  comes  the 
steep  scarp  of  the  Inferior  Oolite  rocks.  The  accompanying 
section  (PL  XXVIII,  Fig.  2),  will  explain  the  succession  far  better 
than  words.  The  Fullers'  Earth  probably  occupies  some  hollows 
on  the  summit,  as  the  ground  is  distinctly  clayey  in  places. 

Immediately  below  the  Fullers'  Earth  come  the  Rubbly  Beds. 
These  beds  and  the  underlying  White  Oolite  (the  Anabacia- 
Limestones  of  the  Bath-Doulting  district),  C^«^^-Grit  (Doulting 
Stone  of  the  same  area),  and  Upper  Trigonia-Qnt^  are  best  seen 
in  a  quarry  on  the  east  side  of  Hollow  Combe,  which  has  been 
called  the  "  Stancombe  Quarry."  Time  did  not  permit  of  a  visit 
to  this  quarry,  but  the  following  notes  may  not  be  out  of  place. 

The  quarry  is  divided  into  two  parts,  a  northern  and  a 
southern,  by  a  grassy  bank  that  indicates  a  line  of  fault,  the 
Upper  Trigonia-Gnt  of  the  southern  portion  being  on  a  level  with 
the  Cfypfus-Gnt  of  the  northern.  The  Rubbly  Beds  are  seen  just 
below  the  turf  in  the  northern  portion,  and  are  replete  with 
specimens  of  Terebratula  globata^  auctt.  non  Sow.,  while 
Hoiectypus  depressus  is  less  common.  Below  are  somewhat 
sandy-looking,  rather  barren,  limestones,  with  occasional 
specimens  of  Acanthothyris  spinosa  and  Terebratula  globaia, 
representing  the  White  Oolite,  that  are  followed  in  descending 
order  by  beds  referable  to  the  Clypeus-QinX.,  The  bottom  portion 
of  the  Clypeus-QtiX  is  seen  in  the  southern  section  of  the  quarry 
parted  by  a  marly  deposit  from  an  oyster-covered  surface  of  the 
underlying  Upper  Trigonia-QnX.,  The  marly  layer  is  on  the 
horizon  of  the  Upper  Coral  Bed,  and  has  yielded  several  interest- 
ing echinoids,  but  the  Dundry  Freestone  is  not  represented.  The 
Upper  Trigonia-QiTiX  is  of  the  normal  type — 2,  very  shelly  rag- 
stone — but  it  is  better  seen  in  the  abandoned  quarry  on  the  spur 
between  Bownace  and  Hillside  Woods.  The  members  afterwards, 
visited  this  section,  from  near  which  is  one  of  those  magnificent 
views  over  the  valley.  Pointing  to  where  a  new  house  was  being 
erected  in  Hillside  Wood,  the  Director  said  it  was  there,  from 
marly  bands  apparently  on  the  horizon  of  the  White  Oolite,  that 
he  obtained  specimens  of  clay  that  had  yielded  to  Mr.  Upton  an 
extraordinary  number  of  micro-organisms. 

Commencing  the  descent  of  the  hill,  in  the  bed  of  the  road 
near  the  end  of  the  wall  above  the  gravel-pit  is  seen  the 
Cephalopod  Bed,  and  then  all  the  way  down,  almost  to  the 
Marlstone  platform,  is  abundant  evidence  of  the  Cotteswold 
Sands. 

A  visit  was  paid  to  the  gravel-pit.  It  is  situated  at  about  the 
500-feet  contour-line.  The  Director  remarked  that  it  was  note- 
worthy that,  whereas  from  that  point  northwards  such  gravel-beds 
were  not  infrequent  at  all  altitudes  on  the  hill-slopes,  and  super- 
ficial deposits  were  distributed  far  and  wide  over  the  vale  land> 
from  thence  southwards  to  the  Avon  Valley  no  such  accumula- 
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tions  had  attracted  his  attention.  It  opened  out  an  interesting 
question,  to  solve  which,  however,  more  details  were  required. 

Turning  at  the  "  Yewtree"  Inn  along  the  Oldhill  Lane,  the  large 
quarry  in  the  Marlstone  was  entered.  The  Marlstone  is  from  15 
to  20  ft.  thick  here  and  is  crowded  with  Rhynchonella  amalthei 
and  belemnites. 

Tea  at  "  The  Welcome,"  Cam,  completed  the  day's  proceed- 
ings, and  the  members  left  by  the  7.5  p.m.  train  for  Stroud. 
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Part  II.  by  Prof.  S.  H.  Reynolds. 

Tuesday^  June  ^th,  1908. — The  party  numbering  forty  left  the 
train  at  Wickwar  Station,  which  lies  immediately  to  the  north  of 
the  tunnel  penetrating  the  horseshoe-shaped  ridge  of  Carboniferous 
Limestone  bordering  the  Bristol  Coalfield.  The  first  stop  was 
made  at  a  small  quarry  in  Old  Red  Sandstone  of  the  usual 
character — red  and  grey  sandstone  often  micaceous,  with  bands  of 
quartz  pebbles,  and  the  Director  drew  attention  to  the  remarkable 
attenuation  of  the  Old  Red  in  this  region,  where  it  is  only 
200  or  300  ft.  thick,  this  fact,  together  with  the  thin  and  imperfect 
development  of  the  Ludlow  Beds,  being  probably  best  explained 
on  the  view  that  the  district  was  upheaved  and  subjected  to 
erosion  during  the  late  Silurian  and  early  Old  Red  times. 

Several  quarries  in  the  Carboniferous  Limestone  were  next 
visited,  and  the  various  sub-divisions  which  have  been  established 
in  these  rocks  by  the  work  of  Dr.  Vaughan  were  pointed  out 
The  first  two  quarries  were  opened  in  the  upper  part  of  the 
Zaphrentis  Beds  (Zj)  and  the  succeeding  horizon  y,  the  lower 
Zaphreniis  Beds  (Zj)  and  CUistopora  Beds  (K)  not  being 'exposed. 
The  lower  beds  in  each  quarry  are  highly  fossiliferous,  and  many 
specimens  were  obtained.  The  highest  beds  exposed — best  seen 
in  the  second  of  the  two  quarries — are  t^e  Laminosa  dolomites, 
the  lowest  beds  of  the  Syringothyris-ix^ne,  (C).  The  dolomites 
are  not  due  to  subsequent  dolomitization,  but  are  original  and 
indicate  the  prevalence  of  shallow  water  conditions. 

A  third  quarry  showing  the  Caninia  oolite  of  the  upper 
Syringothyris-zoiit  was  not  visited,  and  the  party  proceeded  at 
once  to  a  large  quarry  in  the  Seminula  beds  (Si  and  Sj).  Patches 
of  Idthostrotion  martini^  bands  of  Seminula  shale  with  Productus^ 
in  the  lower  beds,  and  the  fine  oolite  in  the  upper  beds  received 
attention,  and  it  was  pointed  out  that  here  in  the  lower  part  of 
the  Upper  Carboniferous  Limestone  of  the  district,  while  the 
number  of  individual  fossils  is  very  great,  the  number  of 
species  occurring  is  relatively  small. 

Joining  the  brakes,  the  party  then  drove  to  Charfield,  where 
a  halt  was  made  for  refreshment.  The  members  then  walked  to 
Cullimore's  Quarry,  which  had  been  newly  opened  up,  showing  a 
thickness  of  some  2\  ft.  of  ashy  limestone  of  Upper  Llandovery  age, 
which  is  seen  resting  on  the  surface  of  the  highly  amygdaloidal 
trap.  Occasion  was  taken  to  summarise  the  various  views  which 
have  been  held  with  regard  to  the  igneous  rocks  of  this  district. 

It  had  been  proposed  to  walk  along  the  Little  Avon  from 
Avening  Green  to  Damery,  but  this  had  to  be  omitted  owing  to 
lack  of  time,  and  the  party  drove  straight  from  Charfield  to 
Damery,  where  the  old  quarry  in  the  Llandovery  on  the  south  side 
of  the  river  is  the  most  noted  fossil  locality  in  the  district,  and  as  it 
had  been  recently  opened  up,  material  was  plentiful  and  many 
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fossils  were  obtained.  The  large  trap  quarry,  the  only  one  in  the 
district  now  in  work,  was  next  visited,  and  here  a  photo  of  the 
party  was  taken  by  Miss  Johnston.  After  a  short  drive  the 
majority  of  the  party  left  the  brakes  and  walked  across  the  fields  to 
Middlemill  Quarry,  which  had  also  recently  been  opened  up  and 
showed  several  feet  of  hard  limestone  containing  scattered  lapilli  of 
considerable  size  with  numerous  corals  and  other  fossils  resting 
on  the  top  of  the  trap.  The  Director  pointed  out  that  when  the 
quarry  was  visited  by  the  Association  in  1901  it  was  believed  that 
Middlemill  Quarry  was  situated  in  the  lower  of  the  two  trap  bands 
which  occur  associated  with  the  Llandovery  rocks,  and  that  con- 
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Fig.  41.— Sketch  Map  and  Section  of  Wickwar  Quarries. 
C.  Lloyd  Morgan, 

sequently  the  lower  band  was  thought  to  be  like  the  upper,  overlain 
by  a  band  of  ashy  limestone.  Further  work  led  to  the  conclusion 
that  the  Middlemill  trap  belonged  to  the  upper  band,  and  that 
consequently  much  of  the  evidence  cited  for  the  contemporaneous 
character  of  the  lower  trap  band  no  longer  held  good. 

The  brakes  were  here  entered,  and  the  party  drove  through 
the  villages  of  Stone  and  Falfield  to  Whitfield,  where  a  hurried 
visit  was  made  to  the  old  Whitfield  or  Bririkmarsh  quarry,  from 
which  very  large  numbers  of  Wenlock  fossils  have  been  obtained 
in  former  times.  Part  of  the  quarry  had  been  recently  opened  up, 
and  showed  a  thick  series  of  shales  with  plentiful  corals  {HalUa 
tnitratd)  and  brachiopods  {Orthis  basalts),  overlying  alternating 
limestones  and  shales,  three  of  the  limestone  bands  being  more 
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or  less  completely  replaced  by  celestine.  Here  Dr.  Vaughan 
joined  the  party,  who,  through  the  kindness  of  Lord  Ducie,  were 
enabled  to  drive  back  to  Charfield  through  the  beautiful 
Tortworth  Park.  Tea  was  obtained  at  the  "  Railway  "  Tavern, 
and  a  vote  of  thanks  was  accorded  the  Director. 
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EXCURSION  TO  KNOCKMILL  (OAKLANDS)  AND 

COTMAN'S   ASH. 

Saturday,  June  13TH,  1908. 

Directors:  R.  H.  Chandler  and  A.  L.  Leach. 

Excursion  Secretary :  Miss  M.  S.  Johnston. 

iRtpori  iy  THE  DIRECTORS.) 

The  party,  twenty-four  in  all,  met  at  Kemsing  Station  at  2.32 
p.m.,  and  walked  towards  the  Downs,  following  for  a  short  distance 
the  "  Pilgrims'  Way,"  which  here  remains  in  use  as  a  high  road. 
In  a  short  description  of  this  ancient,  historic  (and  probably 
prehistoric)  trackway  the  Directors  referred  to  its  present  condition, 
and  to  the  various  theories  which  seek  to  explain  its  origin. 
Entering  the  fields  above  St.  Clere  the  party  climbed  the  Chalk 
scarp  to  the  corner  of  Birches  Wood,  whence  a  fine  view  was 
obtained. 

To  the  south  beyond  the  Gault  valley  (Holmesdale)  the 
thickly-wooded  "  Greensand  ridge,"  rising  to  700  ft  O.D.,  shut 
out  the  Weald  except  where  through  the  gap  of  the  Shode  the 
"  Forest  Range "  (Hastings  Sands)  was  seen  at  a  distance  of 
seventeen  or  eighteen  miles.  Parallel  to  the  **  Greensand  ridge  " 
the  chalk  escarpment  was  finely  shown  from  Titsey  Hill  on  the 
west  to  the  North  Downs  above  Hollingboume  on  the  east.  Far  to 
the  west  the  President  recognised  Leith  Hill  nearly  thirty  miles 
away. 

A  peculiar  river-system,  immediately  to  the  south,  next  claimed 
attention.  The  upper  basin  of  the  Shode  (an  anti-dip  stream)  is 
bounded  on  the  north  by  the  Chalk  range,  on  the  east  and  west 
by  gentle  rises  (in  the  Gault),  which  are  transverse  to  the  Gault 
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valley  and  form  the  water-partings  between  a  westward-flowing 
strike-tributary  of  the  Darent  and  the  Leyboume,  another  strike- 
stream  which  flows  eastward  into  the  Medway.  These  Gault 
water-partings  at  their  lowest  points  rise  to  about  320  O.D. ; 
the  chief  springs  of  the  Shode  issue,  on  the  north,  probably  from 
the  base  of  the  Chalk  marl  about  380  O.D.,  and  from  the  Lower 
Greensand  above  400  O.D.  The  Shode,  after  breaching  the 
"  Greensand  ridge  **  by  a  canon-like  gorge  south  of  Boro'  Green, 
joins  the  Medway  at  Hadlow  in  the  Weald  Clay,  thus  presenting 
the  very  unusual  feature  of  a  stream  flowing  southward  into  the 
Weald.  Topley,  to  account  for  the  anti-dip  course  of  the  Shode, 
assumed  an  anticline  in  the  Shode  Valley,  by  which  the  outcrop 
of  the  Weald  Clay  would  be  thrown  farther  north ;  by  the 
denudation  of  this  clay  and  the  recession  of  the  head  of  the 
valley  thus  formed,  he  thought  the  present  configuration  might 
have  arisen.  Recently,  however,  Mr.  W.  J.  L.  Abbott  has 
shown  the  existence  of  a  syncline  in  the  Shode  gap.  The 
Shode  enters  Weald  Clay  at  Plaxtole,  150  O.D.,  whilst  im- 
mediately to  the  east  the  Hythe  Beds  and  Atherfield  Clay  rise  to 
550  O.D.  at  Hurst  Hill,  and  to  nearly  700  O.D.  at  Shingle  Hill 
on  the  west.  Allowing  150  ft.  for  the  combined  thicknesses  of 
the  Hythe  Beds  and  Atherfield  Clay  (an  over-estimate)  there  still 
remains  a  syncline  of  300  ft.  or  so. 

Mr.  F.  C.  J.  Spurrell  suggested  that  a  reversal  of  drainage  had 
occurred  in  the  Shode  valley,  whereby  a  stream  once  flowing  into 
the  Darent  from  the  "  Forest  Range,"  had  become  tributary  to 
the  Medway.  This  view  is  negatived  by  the  evidence  of  the 
Shode  gravels,  which  contain  flint  and  chert  in  abundance,  but 
yield  no  Wealden  material  above  Dunk's  Green,  which  is  well 
within  the  Medway  system. 

Whilst,  therefore,  the  Shode  Valley  presents  many  interesting 
features,  the  Directors  regard  it  as  due  to  the  recession  of  the 
head  of  an  anti-dip  stream.  Similar,  but  less  advanced,  anti-dip 
streams  occur  at  Oxted,  Godstone,  and  Redhill. 

After  a  pleasant  walk  through  Birches  Wood,  a  pit  in  an 
outlier  of  Blackheath  Beds  at  Oaklands  (Knockmill),  was  reached, 
where,  at  727  O.D.,  a  depth  of  20  ft.  of  sandy  gravel  is  shown. 
The  deposit  consists  mainly  of  flint  pebbles  and  sand,  but  siliceous 
conglomerates  occur  in  an  old  pit  close  at  hand,  and  the 
Directors  had  obtained,  also,  one  quartzite  pebble.  Two  features 
in  this  pit  require  explanation,  (i)  The  disturbed  condition  of 
the  pebble-beds.  (2)  The  presence  of  a  mass  of  sand  and 
"  silica  powder  "  full  of  flint  pebbles,  as  white,  and  almost  as  soft, 
as  chalk.* 

I.  The  tumbled  state  of  the  pebble- beds  is  probably  due  to 
their  slow  descent  into  "  pipes  "  formed  by  the  solution  of  the 
subjacent  Chalk.     Evidence  for  the  existence  of  these  "  pipes  "  is 

*'See  Fig  42  and  Plate  XXIX. 
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supplied  by  (a)  the  present  drainage  of  the  pit.  From  the  lowest 
point  of  the  pit-floor  an  iron  pipe  runs  into  loose  "  pea-gravel." 
No  water  accumulates  as  long  as  this  pipe  is  kept  open,  but  if 
the  passage  to  the  "  pea  gravel "  becomes  blocked,  water  may  lie 
in  the  pit  to  a  depth  of  two  or  three  feet.  This  indicates  the 
existence  of  a  "  water-sink  "  in  the  chalk  below  the  pea  gravel, 
and  in  this  part  of  the  pit  there  is  a  deep  hollow  in  the  pebble- 
beds,  filled  with  loamy  drift,  (d)  Excavations  at  Oaklands.  In 
digging  out  a  tank  the  top  of  the  chalk  was  found  to  be  very 


•C\ 


i^^t  ■    "' 

Fig.  42.— Section  in  the  Blackheath  Beds  of  the  Oaklands 
Outlier  (Knockmill),— -^.  Z.  leacA. 

Scale  10  ft.  to  ij  inches. 

a.  Pebbly  soil,  1-2  ft. 

6.  Sand  and  pebbles,  2-4  ft.,  with  irregular  streaks  of  clay. 

c.  Pebble  Beds,  15-20  ft.  (base  not  seen),  all  much  disturbed. 

(/.  Mass  of  white  sand  with  whitened  flint  pebbles. 

/,  Sand,  passing  down  into  a  **  pipe  **  in  the  gravel. 

irregular,  (c)  Comparison  with  the  Worm's  Heath  outlier,  where 
similar,  but  even  more  greatly  disturbed  pebble-beds  occur  high 
up  on  the  Downs  (about  750  O.D.) ;  deep  "pipes"  in  the  chalk 
are  well  shown  beneath  the  Tertiaries,  and  the  evidence  of  sub- 
sidence is  clear.  Probably  the  Oaklands  outlier,  like  that  of 
Worm's  Heath,  rests  directly  on  the  chalk,  but  this  cannot  be 
proved  until  the  pit  is  excavated  to  the  base  of  the  pebble-beds. 
2.  The  white  siliceous  mass*  rises  from  the  floor  of  the  pit 


•  See  Plate  XXIX. 
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like  a  mound  of  chalk,  for  which  it  might  easily  be  mistaken. 
It  contains  :  (a)  A  milk-white  angular  quartz  sand.  (The  ordinary 
sand  of  the  pit  is  yellow  to  brown,  from  the  presence  of  iron.) 
(d)  A  pure  white  siliceous  powder,  so  fine  that  it  will  remain  sus- 
pended in  water  for  several  hours,  (c)  Many  flint  pebbles  pure 
white  throughout. 

The  complete  bleaching  of  the  flints  is  probably  due  to  the 
removal  of  "soluble  silica"  and  the  colouring  matter. by  the 
solvent  action  of  percolating  water.  Flints  showing  a  white 
cortex  one-eighth  of  an  inch  to  three-quarters  of  an  inch  in  depth 
commonly  occur  in  chalk  quarries,  in  "  pipes,"  and  on  the  open 
Downs.  That  this  cortex  is  porous  may  be  demonstrated  by 
dipping  the  flints  in  red  ink,  which  is  readily  absorbed  by  tAe 
cortex.  Some  flints  from  "  pipes  "  on  Worm's  Heath,  showing 
a  cortex  one-half  inch  deep  surrounding  dark  unaltered  flint, 
absorbed  the  colouring  matter  readily  throughout  the  cortex,  but 
the  dark  core  remained  unaffected ;  the  Knockmill  pebbles 
become  stained  through  and  through.  Evidently  the  porosity  of 
the  altered  flint  is  due  to  the  removal  of  "soluble  silica,"  and 
the  solvent  has  removed  also  the  iron  and  manganese  which 
impart  the  dark  colour  to  ordinary  flints.  At  Knockmill  there 
are  pebbles  showing  every  stage  of  the  process,  from  those  with 
merely  a  film  of  white  cortex  to  those  in  which  the  "  whitening  " 
has  reached  the  centre,  and  the  whole  pebble  resembles  a  lump 
of  chalk. 

The  "  silica  powder,"  which  is  the  final  result  of  the  decom- 
position and  disintegration  of  these  pebbles  may  easily  be 
separated  from  the  accompanying  bleached  sand  by  levigation ; 
under  the  microscope  it  can  readily  be  distinguished  from  the 
quartz  grains  by  its  excessive  fineness. 

The  occurrence  of  such  a  mass  of  disintegrated  flint  seems  to 
be  very  unusual.  While  the  alteration  is  simply  a  continuation 
and  completion  of  the  ordinary  "  bleaching  "  of  flints,  for  which 
the  solvent  action  of  water  (more  or  less  carbonated)  is  held  a 
sufficient  cause,  it  is  not  easy  to  see  why  the  alteration  has  been 
so  complete  in  only  a  very  limited  part  of  the  pit,  and  while 
downward  percolation  seems  the  most  obvious  course  for  the 
active  solvent  the  possibility  of  water  (charged  slightly  with 
alkaline  carbonates)  rising  from  the  Chalk  is  certainly  worthy  of 
consideration. 

After  an  examination  of  this  interesting  pit  a  shallow  trench, 
recently  opened  by  Mr.  B.  Harrison,  in  the  adjoining  wood  was 
visited.  Here  a  few  sub-angular  brown  flints  were  seen  mixed 
with  the  Tertiary  pebbles.  From  this  sparse  "drift,"  which 
occurs  on  the  highest  part  of  the  Tertiary  outlier,  Mr.  Harrison 
has  obtained  flints  of  "  eolithic  "  type. 

The  party  now  walked  past  Oaklands,  noting  a  fine  view  of 
the  Maplescombe  valley ;  in  the  distance  were  seen  Well  Hill, 


536      EXCURSION  TO  AVEBURY  AND  WINTERBOURNE  BASSETT. 

Shooter's  Hill,  and  the  Essex  hills,  all  capped  with  drifts  con- 
taining Lower  Greensand  chert. 

From  a  spur  below  Whitegate  Cottage  (where  a  modem 
**  dew  pond  "  was  noted)  an  excellent  view  was  obtained  of  the 
Maplescombe  Valley  with  its  many  tributary  valleys.  Through  a 
"wind-gap"  at  the  head  of  the  main  valley  the  "Greensand 
ridge "  in  the  neighbourhood  of  Knole  Park  was  clearly  seen. 
The  significance  of  this  "  wind-gap "  was  remarked  on  by  the 
Directors,  who  regard  it  as  part  of  the  valley  of  an  old  dip-stream 
flowing  from  the  south  along  the  line  of  the  present  Maplescombe 
Valley  before  the  excavation  of  the  Holmesdale  Valley. 

Time  would  not  permit  more  than  a  hurried  examination  of 
the  upper  part  of  Maplescombe  Valley.  The  walk  was  continued 
towards  Cotman's  Ash  and  over  the  crest  of  the  Downs.  In  a 
deep  "coombe"  in  the  escarpment  a  well-marked  terrace  was 
indicated.  Traces  of  others  were  noted  lower  down  the  coombe, 
and  three  parallel  terraces  were  crossed  as  the  party  descended 
the  escarpment  to  Kemsing.  The  Directors  regard  these  as 
"cultivation  terraces"  (lynchets),  and  this  view  was  supported 
by  several  members  of  the  party. 

After  tea  at  the  Bell  Inn,  Kemsing,  a  vote  of  thanks  to  the 
Directors  was  moved  by  the  President,  and  they  were  asked  to 
express  the  thanks  of  the  Association  to  Mr.  F.  Sugden  and  Sir 
Mark  CoUett  (through  Mr.  F.  Capper)  for  permission  to  walk 
through  their  properties. 
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EXCURSION    TO    AVEBURY   AND    WINTERBOURNE 

BASSETT. 

Saturday,  July  4TH,  1908. 

Director:  Rev.  H.  G.  O.  Kendall. 

Excursion    Secretary:     Mark    Wilks. 

(Report  by  THE  DIRECTOR.) 

A  PARTY  of  eight  left  Paddington  by  the  9.35  for  Marlborough, 
where  they  were  joined  by  four  others.  Marlborough  Collie  was 
first  visited,  and  the  fine  proportions  of  the  Chapel  as  well  as  the 
architecture  of  C.  House,  with  its  oak  carving,  were  duly 
admired.  "The  Mound"  is  similar  to  Silbury  Hill  and  to 
the  mound   at  Oxford.     All  three  were  possibly,  or  probably, 
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burial  places  in  the  first  instance.  It  is  true  that  Silbury 
Hill  has  been  opened  and  no  human  interment  discovered^ 
but  it  should  be  remembered  that  at  the  times  when  the 
diggings  were  carried  on  the  skill  and  e^^rience  which  are  now 
applied  to  finding  the  burial  were  not  forthcoming. 

A  three  mile  walk  along  the  high  road,  parallel  with  the  River 
Kennet,  brought  the  party  to  Fyfield.  Just  before  entering  the 
village  some  large  sarsens  in  the  steep  roadside  were  examined. 
This  bank  supports  a  terrace.  The  opinion  has  been  hazarded  that 
the  stones  were  placed  in  the  bank  by  prehistoric  man.  The 
Director  pointed  out  that  these  stones  are  rounded  at  the  edges 
and  not  apparently  chipped.  A  little  farther  on  a  magnificent, 
mortarless  wall  of  large  sarsens,.  chipped  and  squared,  was 
examined.  This  modern  wall  was  compared  with  the  seemingly 
older  one  previously  seen.  The  importance  of  other  items  on 
the  programme  prevented  the  members  paying  much  attention  to 
the  small  Chalk  pit  east  of  Fyfield.  A  thin  layer  of  tabular  flint 
runs  right  across  the  section.  Specimens  of  sarsen  with  rootlet 
holes  and  also  others  containing  flint  pebbles  were  obtained  from 
stones  which  had  been  brought  to  the  pit. 

A  few  hundred  yards  farther  on  the  party  left  the  high  road 
and  entered  the  Valley  of  Stones  at  Piggle  Dean.  A  plot  of  a 
few  acres  in  extent  in  the  bottom  of  this  dry  side  valley  has  been 
bought  for  the  public.  Above  this  plot,  however,  the  members 
of  the  excursion  witnessed  the  destruction  of  the  sarsens  actually 
going  on,  especially  on  the  hillside  west  of  the  narrow  valley; 
thus  the  evidence  of  the  sarsens  having  once  lain  on  the  lower 
hillsides  is  being  destroyed  here,  but  fortunately  exists  at  other 
spots.  On  the  Warren,  a  little  to  the  north,  the  sarsens  are 
scattered  over  the  ground  in  the  bottom  of  another  dry  valley 
up  the  slope  and  on  top  of  the  down  or  hill.  Farther  along  the 
hill  to  the  north  are  some  ploughed  fields  (on  Hackpen  Hill),  at 
885  ft.  O.D.  or  less,  one  of  which,  near  "  Glory  Ann  "  Barn,  is 
said  by  the  late  Rev.  A.  C.  Smith  to  have  been  the  "  fountain 
head  "  of  the  sarsen  stones ;  and,  indeed,  a  glance  at  the  large 
Ordnance  Map  would  seem  to  show  Mr.  Smith  to  have  been 
right.  The  stones  crowd  up  to  this  very  spot,  and  are  only  (on 
the  map)  cut  short  by  the  boundaries  of  the  ploughed  fields. 
These  fields  show  red  and  yellow  clay  in  places,  and  patches 
of  drift  from  which  the  Director  has  taken  Palaeoliths,  all 
stained  ochreous  or  brown  or  greenish  (mostly  the  two  latter), 
together  with  "  Eoliths  "  or  merely  edge-trimmed  tools,  apparently 
of  no  greater  age.  The  Palaeoliths  themselves  seem  to  be  of 
different  periods. 

Whilst  the  party  was  in  Piggle  Dean  the  question  of  the 
former  extent  of  the  sarsens  was  discussed,  and  the  Director 
pointed  out  that  the  stones  lie  thick  in  West  Woods,  on  the 
other  side  of  the  river  Kennet. 
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A  Neolithic  (Bronze  Age,  or  later  Romano-British?)  flake 
was  picked  up  in  Piggle  Dean.  One  of  the  party  pointed  out 
some  (marks  of)  soft  patches  of  stone  within  the  fractured 
sarsens,  as  though  a  subsequent  infilling  of  a  little  channel  in  the 
5tone  had  taken  place. 

At  Down  Barn,  farther  up  the  dry  valley,  the  party  was 
brought  face  to  face  with  some  very  marked  terracing  which  ran 
in  various  directions.  At  the  foot  of  one  low  terrace  was  a 
remarkably  regular  row  of  sarsens.  A  discussion  took  place  as 
to  the  origin  of  these  terraces,  but  on  reaching  higher  ground, 
whence  a  more  general  view  of  them  was  obtained,  it  was  agreed 
by  all  that  they  were  the  work  of  man. 

A  beautiful  piece  of  Down  was  then  crossed,  the  lower  and 
southern  continuation  of  Hackpen  Hill.  Above  on  the  right, 
to  the  north  were  knolls  with  bushes  and  heather,  showing  the 
site  of  Tertiary  outliers,  etc.  To  the  south,  at  right  angles  with 
Hackpen,  lay  the  great  range  of  southern  hills  running  up  to 
nearly  i,ooo  ft.  O.D.  From  the  top  of  Martinsell,  at  940  ft.  the 
Director  had  obtained  a  flaked  stone,  identified  by  Mr. 
Worthington  Smith  as  of  Palaeolithic  age.  The  country  was 
described  as  typical  Chalk  country.  Dropping  down  the 
low  escarpment  into  Avebury,  the  excavations  dug  by  the 
British  Association  and  the  remaining  stones  of  the  circles  were 
examined.  In  the  former  Mr.  Gray  went  down  17  ft.  from 
the  present  bottom  to  the  original  one.  He  found  various  levels 
with  pottery,  the  oldest  and  lowest  being  either  early  Bronze  or 
pure  Neolithic,  dating  Avebury  as  1700  b.c.  (date  of  Stone- 
henge)  or  earlier.  Avebury  consisted  of  a  huge  trench  and 
ramp  outside  it,  and  two  double  concentric  circles  of  large, 
unhewn  sarsens,  which  again  were  both  surrounded  by  an 
outer  circle  just  within  the  trench.  Many  of  the  stones  have 
been  destroyed  in  quite  recent  times.  One,  and  probably  two 
avenues  of  Sarsens  led  away  from  the  place,  one  to  a  small 
circle  near  West  Kennet. 

The  party  drove  up  the  (here)  north  and  south  valley  of  the 
Kennet— a  mere  ditch  above  Avebury,  where  it  takes  a  right 
angle  turn — past  the  Neolithic  (probably  Bronze  and  British)  site 
of  Windmill  Hill.  Undulating  country  lies  between  the  river 
«ind  Hackpen  Hill,  also  to  the  west  of  the  former.  Here  the 
Director  has  found  Eoliths  and  a  few  flaked  stones  (of  Palaeolithic 
nature)  at  levels  from  520  ft.  to  600  ft. 

On  arriving  at  Winterbourne  Bassett  the  Director  gave  a  short 
account  of  his  large  collection  of  flint  implements,  etc.,  drawing 
attention  especially  to 

ft. 

1.  Eoliths  and  Palasoliths  (the  latter  as  old  as  the  former) 

from  Hatfield,  Herts,  Lea  Valley  .        .        .        about      220 

2.  Ditto,  from  Hackpen  Hill 875 

3.  Ditto  from  Winterbourne  Bassett        ,         .         .         .    550  to  600 
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4.  Palseoliths  from  Knowle  Farm  Pit,  especially  one  lot  dug 

out  of  one  large  hole,  some  found  in  stiH  by  himself. 

5.  Palaeoliths  and  Eoliths  side  by  side,  and  exactly  resembling 

each  other  in  many  cases  and  in  different  types,  as 
regards  edge-trimming  and  general  outline. 

Mr.  E.  P.  Ridley,  in  proposing  a  vote  of  thanks  to  the 
Director,  noted  that  he  (the  Director)  avoided  the  word  Eolithic, 
and  substituted  "  early  Palaeolithic." 

The  party  took  tea  in  the  village  school,  and  glanced  at  a 
fallen  stone  circle  in  Winterbourne  parish,  and  at  the  Lower 
Chalk  cutting  on  Clyffe  Hill  en  route  for  Wootton  Bassett  station, 
whence  they  returned  to  London  by  the  8.2  train. 
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VISIT    TO    THE    PAL^ONTOLOGICAL   EXHIBIT    IN 

THE    SCIENCE     HALL,     FRANCO-BRITISH 

EXHIBITION. 

Monday,  July  6th,  1908. 

Director:  F.  A.  Bather,  M.A.,  D.Sc. 

(^Report  by  The  Director.) 

At  six  p.m.  more  than  fifty  members  met  in  a  temporary 
enclosure  round  the  division  of  Geology  in  the  Science  Hall. 
After  welcoming  them,  and  expressing  his  thanks  to  the  exhibitors, 
5ome  of  whom  had  kindly  come  to  answer  questions  relating  to 
their  own  portions  of  the  exhibit.  Dr.  Bather  passed  through  the 
Exhibit  illustrating  Modern  Methods  of  Palseontological  Research 
from  beginning  to  end.  Here  it  is  only  possible  to  give  the 
briefest  abstract  of  his  remarks,  but  those  interested  are  referred 
to  the  list  of  books  and  papers  at  the  end  of  this  report  (pp  546, 
547)- 

This  is  not  an  exhibit  of  fossils,  even  of  rare  fossils,  or  of 
specimens  with  a  purely  scientific  interest.  It  is  intended  to 
show  modem  methods  employed  in  the  study  of  fossils,  especially 
those  followed  in  this  country.     It  is  arranged  under  four  head- 
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ings :   Collecting,  Preparation  and  Preservation,  Study,  and  Pre- 
sentation of  Results  (No.  15  in  list  at  p.  546). 

A.  The  Collection  of  Fossils. — We  do  not  exhibit  the 
ordinary  set  of  hammers  an^  chisels,  or  show  the  casual  way  in 
which  people  too  often  collected  twenty  years  ago.  We  first 
illustrate  Zonal  Collecting  in  its  various  aspects,  and  naturally 
begin  with  a  set  of  Graptolites  shown  by  Professor  Lapworth. 
Wide  distribution  in  space  and  brief  distribution  in  time  combine 
to  make  the  successive  species  of  graptolites  excellent  zonal 
guides  in  the  older  rocks,  and  thus  enable  experts  to  work  out 
the  original  stratification  in  highly  disturbed  areas  (17).  These 
specimens  show  that  a  precisely  similar  succession  obtains  in  the 
Tarannon  rocks  of  the  South  of  Scotland  and  of  the  Lake 
District. 

Unlike  the  alternating  series  of  shales  and  limestones  of  the 
Ordovician  and  Silurian  rocks,  the  Carboniferous  Limestone 
forms  a  thick,  fairly  homogeneous  mass  over  a  large  extent  of 
country.  The  problem  of  splitting  this  into  zones  has  recently 
been  solved  by  Dr.  A.  Vaughan  (28),  who  here  exhibits  thin 
sections  of  various  species  and  genera  of  Corals,  illustrating  the 
minute  changes  of  form  found  in  these  and  other  animals  as  they 
pass  through  successive  horizons.  The  specimens  are  also  selected 
to  indicate  results  of  broader  evolutionary  importance  obtained 
by  zonal  collecting  in  the  Avonian  rocks,  as  explained  in  the 
Guide  (15). 

The  Ammonites,  like  the  graptolites,  present  a  rapid  suc- 
cession of  widely  distributed  species,  and  have,  therefore,  long 
been  used  to  distinguish  the  larger  zones  of  Jurassic  rocks.  The 
more  minute  division  now  possible,  owing  to  detailed  work 
on  the  genera  and  species,  is  demonstrated  by  our  leading  British 
authority,  Mr.  S.  S.  Buckman,  who  shows  Ammonites  character- 
ising the  zones  of  the  Inferior  Oolite  (12  and  11,  p.  ccv). 
Among  the  many  laws  of  evolution  exemplified  by  Ammonites  is 
the  fundamental  one  that  an  animal  in  its  individual  growth 
passes,  it  may  be  rapidly  and  imperfectly,  through  the  stages  that 
the  race  passed  through  before  it.  Thus  these  successive  species 
of  Parkinsonia  present  broadening  whorls  and  a  narrowing 
umbilicus,  changes  also  seen  in  the  growth  of  this  single  shell  of 
Parkinsonia  dorseiensis  (11,  p.  cxcviii). 

The  next  exhibit  explains  how  the  evolution  of  a  single  line 
of  descendants  has  been  used  to  work  out  the  zones  of  a  mass  of 
rock  even  more  homogeneous  than  the  Mountain  Limestone. 
Study  of  numerous  fossil  sea-urchins  of  the  genus  Micraster^ 
carefully  collected  foot  by  foot  from  successive  layers  of  the 
Chalk,  revealed  to  our  eminent  member,  Dr.  A.  W.  Rowe,  the 
minute  changes  that  invariably  accompany  the  upward  passage  of 
this  genus  through  the  rock  (22).  Among  other  members  of  this 
Association  who  have  put   this  discovery  to  practical  use  are 
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Messrs.  T.  H.  Withers  and  C.  P.  Chatwin,  to  whom  I  am  par- 
ticularly indebted  for  this  beautiful  exhibit.  It  will  be  noticed 
that  the  changes  are  very  gradual,  and,  though  certain  structures 
characterise  certain  zones,  still  structures  of  intermediate  form 
are  found  at  intervening  levels ;  at  no  level  can  a  definite  line  be 
drawn.  The  complete  series  of  evolving  forms  obtainable  from 
this  gradually  accumulated  rock  convinces  me  that  species  were 
transmuted  gradually  and  not  by  a  series  of  jumps. 

Preceding  exhibits  illustrate  the  collection  of  selected  species 
from  beds  of  rocks  deposited  in  successive  periods  of  time  ;  the 
next  one  represents  an  attempt  to  collect  all  the  species  living 
together  at  a  single  period.  These  specimens  have  been  collected 
by  Mr.  Lewis  Abbott  from  the  shell-bed  at  Swanscombe,  Kent 
(3),  from  excavations  at  the  Admiralty  buildings  (i),  and  from 
fissures  in  the  Kentish  Rag  at  Ightham  (2,  3,  and  go),  and  the 
period  is  that  when  man  first  appeared  in  that  part  of  the  country. 
Though  a  mere  sample  from  Mr.  Abbott's  large  collection,  and 
omitting  the  larger  fossils,  this  exhibit  gives  a  good  idea  of  the 
fauna  of  S.E.  England  at  that  time,  and  enables  us  to  appre- 
ciate the  change  in  the  character  of  the  fauna  between  that 
remote  period  and  the  present  day.  The  change  is  of  three 
distinct  kinds — a  migration  northward  in  the  same  island ,  a 
killing  out  within  these  isles  of  certain  species  which  survive  on 
the  continent ;  and  the  total  extinction  of  other  species. 

Mr.  Abbott  also  shows  the  apparatus  by  which  he  obtains  his 
specimens.  The  methods  chiefly  used  are  :  (a)  sifting  through 
sieves  of  varying  mesh ;  (d)  separation  of  small  light  fossils  by 
attraction  to  electrified  ebonite  or  amber ;  (c)  separation  of  light 
fossils  from  loose  material  stirred  up  in  water,  by  slow  removal  of 
the  water  through  capillary  attraction. 

The  collection  of  fossils  from  a  formation  of  similar  loose 
composition  is  further  exemplified  in  Mr.  F.  H.  Butler's  exhibit 
of  the  tools  used  by  Searles  V.  Wood  (1798- 1880)  to  pick  out 
shells  from  the  Crag,  when  forming  the  collections  now  in  the 
British  Museum  and  the  Ipswich  Museum  (10). 

B.  The  Preparation  and  Preservation  of  Fossils. — 
When  fossils  have  been  collected,  the  next  step  is  to  clean  them, 
and  this  is  a  step  many  people  seem  inclined  to  omit.  They 
seem  to  think  that  experts,  or  even  untrained  geologists,  can 
name  and  study  specimens  while  all  details  of  structure  and 
ornament  are  still  obscured  by  matrix.  That  this  has  not  been 
the  case  in  the  past  is  proved  by  the  large  number  of  erroneous 
determinations  and  the  controversies  to  which  they  have  given 
rise.  Still  less  is  it  the  case  to-day,  when  the  determination  of 
specimens  depends  on  exceedingly  minute  points.  As  one  who 
is  constantly  being  asked  to  name  such  imperfectly  cleaned 
material,  I  would  repeat  with  emphasis  the  appeal  already  made 
to  you  by  Dr.  Arthur  Smith  Woodward  in  his  Presidential 
Proc,  Geol.  Assoc,  Vol.  XX,  Part  7,  1908.]  38 
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Address  (30).  Much  may  be  done  by  the  simplest  tools  and 
methods,  such  as  are  here  illustrated.  But  often  the  more 
elaborate  methods  here  displayed  must  be  employed.  None  of 
these  methods,  however,  is  beyond  the  capacity  of  even  an 
amateur  collector,  if  only  he  has  enthusiasm  and  perseverance- 
The  two  golden  maxims  are  "go  slowly"  and  "gently  does  it" 

[The  Director  here  demonstrated  the  series  of  exhibits  that 
elucidate  cleaning  by  physical,  mechanical,  and  chemical 
methods.  Since  any  adequate  account  of  these  would  be  too 
long  for  this  Report,  he  has  published  a  special  paper  on  the  sub- 
ject in  the  Museums  Journal  (10).] 

Many  fossils  are  so  fragile,  or  in  such  crumbly  material,  that 
they  must  be  hardened  before  being  handled,  while  others  need 
special  treatment  if  they  are  to  be  preserved  in  a  cabinet  or 
museum.  [For  a  full  account  of  the  methods  illustrated,  and  the 
hardening  solutions  exhibited,  reference  should  be  made  to  the 
paper  just  mentioned  (10).] 

C.  The  Study  of  Fossils. — The  specimens  having  been 
cleaned,  the  next  thing  is  to  study  them.  Some  think  that  all 
they  have  to  do  is  to  name  them,  or  to  get  them  named.  This  is 
not  the  end  of  palaeontology,  but  its  beginning.  The  object  of 
names  is  merely  to  enable  us  to  explain  to  others  in  a  rapid 
manner  what  objects  we  are  talking  about,  and,  while  they  must 
therefore  be  correct,  still  if  they  are  taken  as  the  end  of  study 
they  serve  merely  to  hinder  and  obscure  the  knowledge  of  facts. 

Descriptions  of  animals  and  plants,  both  recent  and  fossil, 
often  contain  such  words  as  "  small,"  ''  large,"  "  thick,"  "  thin," 
"  feebly  developed."  These  expressions,  like  the  classical  phrase, 
"  big  as  a  lump  of  chalk,"  have  no  meaning  except  to  their  user. 
Science  is  measurement,  and  nowadays  this  statement  is  as 
applicable  to  the  biological  sciences  as  it  has  long  been  to  the 
physical  ones.  Measurements  must  be  accurate.  Use  the  metric 
system,  but  do  not  stick  at  millimetres ;  measure  to  tenths  of  a 
millimetre  or  less.  Use  accurate  instruments  such  as  these 
sliding  callipers  with  pointed  ends  and  a  vernier  scale,  made  by 
G.  Boley,  Paris.  Measure  not  only  the  type-specimen  but 
thousands  of  specimens,  if  they  can  be  obtained,  and  construct 
graphic  curves  (13).  In  this,  as  in  all  parts  of  your  description, 
remember  that  what  is  detailed  enough  for  one  generation  is  of 
small  value  to  the  next.     Be  in  advance  of  your  time. 

The  structure  of  fossils  can  often  be  ascertained  only  by 
cutting  sections,  but  in  preparing  these  as  objects  for  the  micro- 
scope a  large  part  of  the  fossil  is  necessarily  destroyed,  and  it  is 
impossible  to  obtain  a  complete  series  like  those  used  by 
anatomists.  The  difficulty  is  evaded  by  grinding  down  the  sur- 
face and  making  drawings  with  the  camera  lucida  at  intervals  : 
such  are  the  sections  through  the  plates  of  a  Cystid  (8), 
More  precise  work  is  rendered  possible  by  the  machine  con- 
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structed  for  Professor  Sollas  from  the  drawings  of  Mr.  Jervis- 
Smith  by  Mr.  R.  W.  Munro  of  King's  Cross  Road  (26).  Photo- 
graphs of  the  ground  surface  are  taken  at  known  intervals  and 
enlarged.  These  outlines  are  then  traced  on  waxed  sheets  of  a 
proportional  thickness  and  cut  out.  The  sheets  are  then  built  up 
into  an  enlarged  model  of  the  original  fossil,  such  as  the  repro- 
duction of  Monograptus  priodon  by  Mr.  Norris,  or  these  of 
Lapworihura  and  PaliEOSpondylus  (27)  by  Professor  and  Miss 
Sollas.  Alongside  is  a  model  of  Palceospondylus  by  Dr»  Traquair, 
which  may  be  less  exact,  but  is  certainly  more  intelligible  to  the 
non-expert  than  is  the  one  produced  by  purely  mechanical  means. 

The  difficulties  to  be  contended  with  in  reconstructing  fossils 
are  manifest  in  this  series  of  Pierichthys :  first,  a  facsimile  of  the 
best  specimen  in  the  British  Museum ;  next,  a  paper  model  by 
Hugh  Miller,  now  in  the  British  Museum  (photograph  by  Mr.  H. 
Herring) ;  lastly,  reconstructions  made  first  for  the  British  Museum 
and  afterwards  improved  by  Dr.  Traquair  for  the  Royal  Scottish 
Museum.  Three-quarters  of  a  century  has  it  taken  to  reproduce 
the  outer  form  of  this  creature,  whose  inner  anatomy  is  still  a 
subject  of  controversy. 

These  beautiful  models  of  Eurypterus,  made  by  Mrs.  Delta 
Blackman  for  the  British  Museum,  are  perhaps  the  most  accurate 
reconstructions  of  an  extinct  animal  that  have  yet  been  made, 
the  more  remarkable  since  the  species  lived  so  long  ago  as  the 
Silurian  Period  (7). 

Passing  over  this  reconstruction  of  the  Carboniferous  Arthro- 
pod Prestwichia  (melius  Euproops)  made  by  Mr.  F.  Bowcher,  the 
designer  of  the  Geological  Society's  Prestwich  Medal,  and  Mr. 
Crick's  most  instructive  model  of  the  Silurian  Cephalopod 
AscoceraSj  we  come  to  plaster  reconstructions  of  the  skulls  of 
three  mammals,  Moeritheriuniy  Paiceomastodon,  and  Prozeuglodon^ 
based  by  Mr.  F.  Barlow  on  the  incomplete  specimens  collected 
by  Dr.  Andrews  in  the  Fay^m  and  drawn  in  these  plates  (6). 
Sketches  by  Miss  A.  B.  Woodward  represent  the  animals  as  they 
may  have  lived.  The  skull  of  a  giant  bird,  Phororhachos^  was 
modelled  by  Mr.  Caleb  Barlow,  whose  recent  death  we  of  the 
Geological  Department  so  greatly  mourn  (5). 

When  fossils  are  preserved  only  as  impressions  or  external 
moulds,  it  is  necessary  to  take  a  squeeze  in  wax  or  some  plastic 
substance.  We  are  much  indebted  to  Mr.  E.  T.  Newton  for  a 
series  explaining  the  way  in  which  he  studied  the  reptilian  bones 
that  have  left  their  traces  in  the  Triassic  sandstone  of  Elgin  (19). 
The  cavities  are  broken  open,  the  surface  wetted,  and  gutta- 
percha softened  in  hot  water  pressed  on  the  imprints.  The  gutta- 
percha is  laid  on  bit  by  bit,  each  piece  overlapping  its  predecessor. 
The  pieces  are  then  removed  and  built  up  into  the  semblance  of 
the  original  fossil,  their  edges  being  joined  by  melting  with  a  hot 
knife.     From  the  model  thus  obtained  a  plaster  cast  may  be  taken 
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in  the  ordinary  way.  Thus  was  made  this  wonderful  reproduction 
of  the  skull  of  Elginia  mirahilis. 

Every  group  of  fossils  requires  special  methods  in  its  study, 
according  either  to  the  nature  of  the  material,  or  to  the 
characters  that  it  is  necessary  to  elucidate.  In  so  far  as  our 
study  progresses  beyond  merely  superficial  and  elementary 
description,  the  more  elaborate  and  technical  are  our  methods 
and  terminology,  so  that  every  pioneer  is  abused  by  those  who 
will  not  be  at  the  pains  to  follow  his  advance  step  by  step. 
Although  Ammonites  are  such  common  fossils,  their  modern 
study  cannot  be  comprehended  by  the  light  of  nature  alone,  Mr. 
Bucicman  has  therefore  arranged  a  series  in  explanation  of  the 
various  features  utilised  in  their  description  (ii).  This  may  ser\'e 
as  a  sample  of  the  kind  of  work  now  being  done  on  all  groups  of 
fossil  animals. 

The  botanists  have  long  since  reduced  the  descriptive  branch 
of  their  science  to  circumstantial  rule  expressed  in  elaborate  ter- 
minology. Here  we  have  preferred  to  show  some  examples  of  the 
recent  striking  advances  in  vegetable  morphology  obtained  by 
studying  the  plant  nodules  or  coal-balls  of  the  British  Coal 
Measures  (23).  The  whole  process  of  obtaining,  cleaning,  and 
cutting  these  remains  is  here  explained,  and  a  fine  series  of  the 
large  transparent  sections  made  by  Mr.  James  Lomax  is  exhibited. 
The  results  obtained  by  Messrs.  Oliver,  Scott,  Weiss,  and  others 
are  illustrated  by  the  photographs  and  models,  and  for  some  of 
the  latter  we  have  to  thank  Mr.  Smedley. 

C.  Presentation  of  Results. — Having  collected  our  fossils, 
having  cleaned  them,  having  studied  them,  and  having  got  to 
know  as  much  about  them  as  our  brains  and  time  will  allow  us, 
we  have  next  to  write  our  results.  But  before  doing  that  it  is 
very  important  to  know  what  other  people  have  said  on  the  sub- 
ject. No  one  wants  to  say  over  again  what  has  been  said  before. 
So  much  has  been  pu Wished  that  it  is  necessary  to  take  advantage 
of  those  valuable  aids  to  study  known  as  bibliographies  and 
indices,  of  which  we  have  a  few  here.  Let  me  impress  upon  you 
that  you  can  find  out  what  has  been  said  if  you  will  only  study 
these  (14,  24,  25). 

Having  written  your  paper — I  have  not  exemplified  here 
the  many  faults  into  which  people  may  fall  when  they  wiite  a 
paper  (4) — the  next  thing  is  to  illustrate  it.  Now  the  illustration 
of  Graptolites  presents  considerable  difficulties,  and  those  of  you 
who  have  seen  the  great  Monograph  of  British  Graptolites,  being 
published  by  the  Palseontographical  Society,  have  no  doubt 
observed  how  well  these  difficulties  have  been  overcome.  [The 
process  is  fully  described  on  pages  2  and  3  of  that  work  (18).] 
Here  are  the  microscope  used,  the  enlarged  drawings,  and  the 
reductions  to  natural  size  as  printed  in  the  plates.  In  this 
connection,  let  me  pass  on  to  you  the  advice  constantly  given 
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by  my  old  teacher,  Professor  Moseley :  "  Make  your  drawings 
large.  Then  you  will  not  be  able  to  fudge  your  work.  A  draw- 
ing cannot  be  too  large,  it  can  always  be  photographed  down  to  a 
size  convenient  for  publication." 

For  examples  of  the  photography  of  fossils  we  have  naturally 
had  recourse  to  Mr.  J.  W.  Tutcher,  of  Bristol,  with  whose  work 
you  are  familiar.  He  shows  also  a  photograph  of  the  apparatus 
used  by  him.  The  specimen  is  laid  flat,  and  the  camera  placed 
above  it,  thus  the  difficulty  of  fixing  the  fossil  is  avoided,  and  the 
lighting  can  easily  be  arranged.  It  is  important  that  all  figures  on 
a  plate  should  be  lit  from  the  same  quarter,  the  top  left-hand  is 
that  usually  adopted.  It  is  Mr.  Tutcher's  custom,  as  also  that  of 
Mr.  and  Mrs.  Clement  Reid  (21),  as  here  shown,  to  obtain  a 
white  background  by  placing  the  specimen  on  a  clear  glass  and 
reflecting  white  light  from  a  more  distant  expanse  of  white.  This 
is  an  unnatural  arrangement,  and  the  glare  of  the  white  back- 
ground renders  it  less  easy  for  the  eye  to  take  in  the  detail  of  the 
figures.  The  dark  background  used  in  this  plate  (9),  is  to  my 
eyes  far  more  pleasing.  This  plate  also  illustrates  the  process  of 
retouching,  often  necessary  when  the  fossil  presents  peculiar 
difficulties  which  the  camera  is  incompetent  to  overcome. 
Photographs  of  the  natural  size  have  been  greatly  enlarged, 
retouched,  and  then  reduced  in  the  course  of  preparing  the 
collotype  plate  in  question. 

The  methods  of  illustration  should  be  studied  by  all  who  write 
scientific  papers,  for  they  would  thereby  save  themselves  and  their 
editors  much  trouble  and  expense.  This  series,  incomplete 
though  it  is,  will  show  what  a  large  choice  of  methods  there 
is,  from  the  expensive  photogravure  down  to  the  cheap  zincotype. 
You  will  also  note  how  one  specimen  or  diagram  demands  one 
kin4.  of  technique  while  another  kind  is  better  adapted  for  a 
different  object  (16,  29). 

The  actual  publication  of  palaeontological  work  is  represented 
by  the  society  that  exists  for  that  sole  purpose — the  Palaeonto- 
graphical  Society.  Here  is  its  last  volume,  and  also  a  selection 
of  its  plates  during  the  last  sixty  years,  exemplifying  the  work 
of  the  leading  artists — Sowerby,  Bone,  Erxleben,  Searle,  and 
others  (nor  let  us  forget  Phoebus  Apollo),  and  the  various 
methods  employed. 

On  the  motion  of  Dr.  Salter,  seconded  by  Mr.  G.  W. 
Young,  the  members  present  passed  a  vote  of  thanks  to  the 
Director,  who,  in  acknowledging  it,  said  he  had  not  wished  to 
frighten  them  by  showing  the  extent  and  difficulty  of  paljeonto- 
logical  study,  but  rather  to  suggest  that  in  one  or  other  of  its 
departments  it  presented  a  field  to  any  and  every  member  of 
the  Geologists'  Association. 
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EXCURSION  TO   CULHAM  AND  ABINGDON. 

Saturday,  July  iith,  1908. 

Director:  Llewellyn  Treacher,  F.G.S. 
Excursion  Secretary  :  W.  P.  D.  Stebbing. 

{^Report  by  THE  DIRECTOR.) 

A  SMALL  party  started  from  Culham  Station  at  12  o'clock,  and 
proceeded  westward  along  the  Abingdon  Road.  The  first  halt 
was  made  near  Culham  College,  where,  on  the  opposite  side  of 
the  road,  a  small  excavation  in  a  field  showed  8  ft  of  well 
stratified  gravel  consisting  mainly  of  small  rolled  fragments  of 
Jurassic  Limestone,  intermingled  with  which  were  a  few  large 
pebbles  of  red  quartzite,  smaller  ones  of  white  quartz,  and  other 
contributions  from  the  northern  drift,  together  with  some  sub- 
angular  flints  and  many  derived  fossils,  chiefly  Gryphcea  dilatata 
and  broken  Ammonites.  Some  bones  of  ox  and  deer  from  the 
base  of  the  gravel  were  exhibited.  There  appears  to  be  an 
extensive  spread  of  this  gravel  hereabouts  at  levels  varying  from 
30  to  50  ft.  above  the  Thames. 

A  little  farther  along  the  road  a  turning  to  the  left  was  taken 
down  a  lane  towards  the  river  at  Culham  Lock,  and  the  small 
sand  pit  was  reached  which  was  visited  by  the  Association  five 
years  ago  and  described  in  the  Proceedings  by  Mr.  H.  J.  Osborne 
White,  the  Director  on  that  occasion.  It  exposes  about  10  ft.  of 
coarse,  current-bedded  sands,  or  small  pebbles,  of  Lower  Green- 
sand  age,  generally  in  a  loose  condition,  but  in  places  hardened 
into  large  irregular  masses  by  carbonate  of  lime,  probably  the 
result  of  the  decomposition  of  calcareous  fossil  remains.  Recog- 
nisable fossils  are  very  scarce,  none  being  seen  either  now  or  on 
the  previous  visit,  although  the  Survey  record  the  finding  of  three 
species  in  the  interval,  the  most  important  of  which  is  Exogyra 
sinuata."^ 

A  short  walk  to  the  river  bank  and  along  the  tow-path  down 
stream  brought  the  party  to  the  well-known  clay  pit  in  Culham 
brickyard,  which  has  been  noticed  by  several  writers  and  described 
by  John  Phillips  in  i860  and  by  Mr.  Osborne  White  in  1903. 
The  variations  in  the  descriptions  of  this  section  by  dififerent 
observers  many  years  apart  may  be  accounted  for  by  the  fact  that 
as  the  face  of  the  excavation  is  cut  back  towards  the  east  new 
exposures  of  the  strata  come  into  view,  the  northern  ends  of  the 
old  ones  being  covered  up  under  the  spoil  bank. 

The  lower  half  consists  of  a  dark  sandy  clay  containing  many 

*  See  also  C.  G.  E.  Dawkins,  C*ol,  Mag,,  1906,  p.  24. 
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fossils  belonging  to  the  fauna  characteristic  of  the  Hartwell  Clay, 
a  deposit  marking  both  lithologically  and  palaeontologically  the 
transition  from  the  Kimeridge  Clay  to  the  Portland  Sands. 
Besides  the  forms  previously  recorded  from  this  bed  there  may 
be  commonly  found  Area  longipunctaia  and  fragments  of  an 
Ammonite  near  to  Am,  boidini^  the  latter  of  which  has  been 
recorded  by  J.  F.  Blake  from  the  Portland  Beds  of  Swindon. 

This  clay  passes  upwards  into  a  band  of  hard  sandy  limestone 
which  forms  a  conspicuous  feature  in  the  section.  Although  as 
at  present  exposed  it  is  only  a  few  inches  in  thickness  it  is  pro- 
bably the  representative  of  the  "  9  ft.  of  fine-gtained  greensand  " 
seen  by  Phillips  at  the  western  end  of  the  pit  fifty  years  ago. 
Notwithstanding  the  opinion  expressed  on  the  1903  excursion 
that  Phillips  had  mistaken  some  material  slipped  from  the  higher 
parts  of  the  pit  for  this  sand  in  place,  the  Director,  after  due  con- 
sideration, sees  no  reason  to  doubt  the  description  given  by  that 
writer.  In  confirmation  of  this  view  the  President  remarked  that  he 
had  visited  the  section  twenty  years  ago,  and  remembered  having 
then  seen  some  feet  of  sand  in  about  the  position  of  the  limestone 
band.  The  variations  in  thickness  of  the  stratum  in  question 
may  be  owing  either  to  irregularities  in  its  original  deposition,  or, 
far  more  likely,  to  the  great  denudation  which  preceded  the  laying 
down  of  the  overlying  Gault,  and  at  this  spot  removed  rocks  of 
Portland,  Purbeck,  Wealden,  and  Lower  Greensand  ages,  all  of 
which  are  represented  in  the  neighbourhood,  as  it  is  hardly  pro- 
bable that  with  so  great  a  thickness  of  strata  missing  the  newer 
deposit  should  rest  quite  conformably  on  the  underlying  beds. 
The  remark  of  Phillips  that  the  sandy  deposit  seen  by  him  marked 
the  incoming  of  Portland  conditions,  although  the  fossils  of  the 
sands  were  identical  with  those  of  the  underlying  clays,  will  apply 
equally  well  to  this  limestone  band. 

Next  above  it,  and  resting  on  its  slightly  uneven  hard  nodular 
surface,  comes  a  tough  conglomerate  a  foot  or  so  in  thickness, 
consisting  mainly  of  small  pebbles,  like  those  seen  in  the  sand  pit 
above  mentioned,  held  together  by  clay  similar  to  that  coming  on 
above.  Intermixed  with  these  are  many  black  nodules  and  casts 
of  fossils  probably  derived  from  some  of  the  Portland  beds  of  the 
neighbourhood.  In  addition,  this  bed  contains  an  abundant  con- 
temporaneous fauna,  among  which  may  be  mentioned  Lima 
ziobosoy  a  common  Selbornian  fossil,  and  Ammonites  beudantt^ 
some  specimens  of  which  are  of  a  very  large  size.  Mr.  Osborne 
White  has  also  recently  found,  among  many  other  forms,  a  speci- 
men of  Ammonites  mammillaius.  The  presence  of  these  fossils 
seems  to  prove  that  the  pebbly  bed  represents  the  Ammonites 
mammiiiatuszonQ,  and  further  that  this  zone  constitutes  the  true 
basement  bed  of  the  Gault  rather  than  the  topmost  bed  of  the 
Lower  Greensand. 

All  the  clay  seen  above  the  conglomerate  is  ordinary  Lower 
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Gault  belonging  to  the  Ammonites  interruptus-rxya^  in  which  the 
zonal  fossil  is  abundant. 

On  leaving  Culham  clay  pit,  the  party  crossed  the  Thames  by 
the  toll  bridge  and  continued  the  journey  through  Sutton 
Courtney  to  the  eastern  end  of  the  village  of  Dra>ton,  where 
another  stop  was  made  to  examine  some  gravel  pits  by  the  side  of 
a  lane  leading  south  from  the  main  road.  The  land  surface  here 
is  about  30  ft.  above  the  present  river  level,  and  the  gravel 
belongs  to  the  second  and  fnost  widely  spread  of  the  terraces  of 
the  Upper  Thames  Valley.  In  these  pits  it  is  much  current- 
bedded,  and  its  constituents  are  practically  the  same  as  those  of 
the  gravel  near  Culham  College,  but  in  addition,  many  large 
angular  pieces  of  Malmstone  were  noticed,  containing  casts  of  the 
characteristic  fossil  Grammatodon  carinatus^  which  show  that 
although  it  is  essentially  a  Thames  gravel,  it  lies  well  within  the 
influence  of  the  Ginge  Brook,  a  stream  which  drains  the 
Selbornian  country  to  the  south-west  A  tufaceous  deposit 
encrusts  many  of  the  stones,  and  in  places  holds  them  together  in 
a  sort  of  conglomerate.  As  elsewhere  in  this  terrace  the  gravel 
contains  many  contemporaneous  mammalian  bones,  a  collection  of 
which  from  these  pits  has  been  made  by  Mr.  Eli  Caudwell,  of 
Blewbury,  who  was  unfortunately  prevented  by  illness  from 
attending  the  excursion. 

Passing  through  Drayton,  a  brief  visit  was  paid  to  the  brick- 
yard at  the  western  end  of  the  village.  The  pit  here  in  Kimeridge 
Clay  was  found  to  be  so  completely  filled  with  water  that  nothing 
could  be  done  beyond  looking  over  the  heaps  of  clay,  which 
yielded  but  few  fossils.  The  following  have  been  collected  here 
by  Mr.  John  West,  of  Abingdon,  and  Mr.  R.  N.  Carew  Hunt,  of 
Bradfield  College ;  Ichthyosaurus^  FlesiosauruSy  Ostrea  dcltoidea^ 
Astarte  ovata,  Cardium  striatu/um,  Trigonia  (cast),  and  fragments 
of  Ammonites.  As  the  i)arty  was  leaving  the  yard  a  workman 
appeared  with  a  large  basket  containing  a  great  number  of 
specimens  of  Thracia  depressa. 

Although  the  next  section  lies  scarcely  three  miles  in  a  direct 
line  from  Drayton,  it  was  found  necessary  to  take  a  long  and 
circuitous  drive  of  nearly  double  that  distance  to  reach  it.  The 
route  lay  past  the  western  suburbs  of  Abingdon,  through 
Marcham  to  "  Noah's  Ark,"  the  name  of  an  inn  on  the  main 
road  from  Wantage  to  Oxford.  North-west  of  the  inn  the  uneven 
surface  of  the  fields  gave  evidence  of  old  quarrying  operations  of 
considerable  extent,  the  limestone  of  the  Corallian  formation 
having  formerly  been  worked  here  for  lime  burning.  Noah's  Ark 
limekiln  is  a  thing  of  the  past,  and  the  only  pit  now  open  is  a 
small  one  about  10  ft.  deep  near  the  road.  At  the  bottom  about 
3  ft.  of  Lower  Calcareous  Grit  was  seen  consisting  of  the  usual 
sand  with  doggers.  Above  this  comes  18  in.  of  the  hard,  shelly 
flagstone  of  the  Coralline  Oolite,  which  is  here  less  fossiliferous 
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and  consequently  less  developed  than  usual  It  is  overlaid  by 
4  ft.  of  fine  to  coarse  rubbly  oolite  and  brash  containing  many 
specimens  of  Echinobrissus  scutatus  and  a  few  of  Myacitts,  The 
topmost  bed  is  i  ft.  of  Coral  Rag  almost  entirely  made  up  of 
broken  corals,  chiefly  Thecosmilia  annularis^  on  one  of  which  was 
noticed  a  zoarium  of  Stamatopora,  Neither  tests  nor  spines  of 
Cidaris  florigemma  were  seen,  though  it  is  so  characteristic  of  this 
bed  in  Berkshire. 

In  one  part  of  the  section  the  soil  and  subsoil  to  a  depth  of 
3  ft  appeared  to  have  been  removed,  and  the  excavation  filled  up 
with  burnt  earth  and  wood  ashes,  amongst  which  were  noticed 
pieces  of  ancient  pottery,  of  bones,  presumably  human,  and 
of  Niedermendig  lava.  Mr.  Neville  Aldworth,  the  owner  of  the 
quarry,  informs  the  writer  that  over  some  thirty  acres  of  ground  to 
the  north  of  it  he  has  dug  up  a  great  number  of  lead  and  stone 
coffins  containing  bones  and  jewels,  also  urns  full  of  ashes.  The 
late  Dr.  RoUeston  of  Oxford  put  the  date  of  this  burial  place  in 
the  transition  period  between  Roman  and  Saxon  times. 

Leaving  the  inn  by  the  north  road,  the  drive  was  continued 
through  the  hamlet  of  Frilford  to  Frilford  Heath,  which  is  now 
enclosed.  The  soil  is  very  light  and  sandy,  the  denudation  of  the 
upper  Corallian  beds  having  left  the  Lower  Calcareous  Grit 
exposed  at  the  surface.  A  quarry  on  the  east  side  of  the  road 
showed  about  lo  ft.  of  loose,  current-bedded,  sands  with  masses 
of  hard  stone  which  take  two  distinct  forms,  one,  as  a  rule  in  the 
lower  part  of  the  section,  being  of  the  round  or  oval  dogger  type, 
the  other  that  of  evenly-bedded  flagstones  which  break  with  a 
rectangular  fracture.  The  only  fossils  noticed  were  a  few 
specimens  of  Exogyra  nana  from  the  sands  and  one  of  Am, 
xordatus  from  the  flagstones. 

Turning  eastward  again  towards  Abingdon,  the  entrance  to 
the  more  westerly  of  the  Marcham  Field  quarries  was  soon 
reached.  The  quarry  itself  lies  some  distance  off  the  main  road, 
near  Sheepstead  Farm.  It  has  been  often  described,  and  on  two 
previous  occasions  been  visited  by  the  Association.  The  section 
shows  all  the  Upper  Corallian  Beds,  from  the  Coral  Rag  down- 
wards, and  also  some  thickness  of  the  Lower  Calcareous  Grit. 
The  strata  dip  towards  the  south-east,  but  owing  to  the  general 
slope  of  the  ground  being  greater  in  the  same  direction  lower  beds 
come  to  the  surface  at  that  end  of  the  quarry.  At  the  northern 
end  the  Coral  Rag  is  6  ft.  thick,  and  has  its  upi)er  half  consoli- 
dated into  a  compact  rock,  below  which  it  consists  almost 
entirely  of  Thecosmilia  annularis  in  a  very  broken  condition.  All 
the  underlying  beds  as  described  by  Mr.  H.  B.  Woodward  were 
found  to  be  well  exposed,  and  the  opportunity  was  taken  advan- 
tage of  for  collecting  the  numerous  species  of  fossils.  Besides 
examples  of  most  of  those  already  recorded  the  following  were 
found  :  Small   fish   teeth,  common   in  the  sands  of  the  Lower 
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Calcareous  Grit,  Neritopsis  decussaia,  Avicula  expansa,  IValdheimia 
margarita^  Berenicea^  and  Astroptcten  rectus.  Among  the  con- 
stituents of  the  hard  shell  beds  were  noticed  pieces  of  a 
substance  resembling  the  "Beef"  of  the  Purbeck  Beds.  They 
appear  to  have  been  derived  from  some  older  beds,  or  at  least 
rearranged,  as  many  were  covered  with  small  oysters,  Serpuls  and 
Bryozoa.  A  large  heap  of  blocks  of  the  Natica  Bed  came  in  for 
a  good  deal  of  attention,  but  the  excessive  hardness  of  the  stone 
prevented  much  execution  being  done  on  the  many  fossils  con- 
tained therein.  Its  being  composed  mainly  of  internal  casts  of 
shells  surrounded  by  hollows  from  which  the  shell  substance  has 
been  dissolved  gives  this  stone  a  peculiar  honey-combed  appear- 
ance, and  Mr.  Walter  Gall,  of  Marcham,  the  owner  of  the  quarry, 
informs  the  writer  that  it  is  in  consequence  in  great  demand  for 
grottoes  and  rustic  rockwork,  being  sent  to  long  distances  for  the 
purpose. 

Having  spent  nearly  an  hour  here,  the  members,  finding  that 
time  did  not  permit  of  a  visit  to  Mr.  Long's  quarry  in  the 
adjoining  field,  departed  direct  for  Abingdon,  where  on  their 
arrival  they  were  hospitably  entertained  by  Mrs.  H.  S.  Reynolds 
at  her  residence,  "  The  Gables."  After  tea,  under  the  guidance 
of  their  hostess,  they  made  a  rapid  inspection  of  the  old  alms- 
houses and  some  other  antiquities  of  the  town,  leaving  Abingdon 
by  the  6.40  train  for  London. 
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Plate  IV. 


Fig.  I.— Limestone  Mass  in  Basalt,  Spring  Cove. 


Fig.  2.— Spheroids  of  Basalt  in  Ti  kf,  Spring  Cove. 
Photos  by  S.  H.  Riymlds, 
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Plate  VI. 


Fig.  I.— Dkift  on  St.  Bees  Sandstonf,  Hilton  Beck 


Fig.  2.— Dufton  Pike  (to  left),  Brownber  (centre),  and  the 

Carboniferous  Scarp  (to  right). 

Photos  by  W.  G.  Fearnsides, 
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Plate  VII. 


Fig.  I.— High  Cup  Gill.    The  East  End  showing  Cliff  of  Whin  Sill. 


Fig.  2— High  Cup  Gill.    The  South  Side  near  the  "Nick,"  showing 

Columnar  Structure  ok  Whin  Sill  and  Bench  of  Old  Valley  Beyond. 

Photos  by  W.  G,  Fiarmides. 
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Plate  XXIX. 


Pkoto  by    R .    H.  ChandUr\ 

A  Mass  of  Disintegrated  Flint  Pebbles  in  Blackheath  Beds^ 
Knockmill. 
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